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Abstract 


In the present work an attempt has been made to develop a comprehensive 
software package for many of the activities related to environmental engineering 
profession. The package is aimed at assisting practicing engineers and education and 
training in water supply and pollution control operation. The package has been written 
in Turbo C language and can be used on any IBM PC AT or higher machines in MS 
DOS environment. The graphical details have been drawn in Auto CAD version 12.0 
and its *.dxf format file has been called wherever required in the program 

The package has been divided into four modules namely air pollution control, 
water supply, wastewater management and solid waste management. These modules 
further consist of different options. In this package air pollution control, water 
treatment system and wastewater treatment systems have been attempted. Air 
pollution control consists of design of local exhaust ventilation system (hood, duct 
and fan) and particulate and gaseous emission control devices (settling chamber, 
cyclones, electrostatic precipitator, absorption, adsorption and incineration, etc.). 
Water treatment system includes design of aeration, settling, rapid mix imits, 
flocculation, filtration, softening, and disinfection processes. The wastewater 
treatment system has been classified into five categories - pretreatment consisting of 
screening, grit chamber, equalization and skimming whereas primary treatment 
consists of equalization, sedimentation, chemical treatment and aeration. The 
secondary process consists of activated sludge process, trickling filter, aerobic and 
facultative pond, aerated and facultative lagoon, oxidation ditch, and upflow 
anaerobic sludge blanket reactors. The sludge treatment includes the processes like 
thickening, aerobic and anaerobic digestion, sludge drying beds and filter press. 

To provide the user useful insight into the options and help in decision 
making, ADVICE is incorporated, which is sub divided into three parts — DESCRIBE: 
a brief description of (un)favorable conditions for operation, PERFORMANCE: 
performance from the point of view of important and pertinent design parameters and 



COMPARISON: a critical comparison of options from the point of view of operating 
features. 


KEY WORDS 

Software, Interactive Packages, Water Treatment System, Wastewater Treatment 
System, Air Pollution Control, Loceil Exhaust Ventilation, Gaseous Emission Control, 
Particulate Emission Control, Preliminary Treatment, Primary Treatment, Secondary 
Treatment, Tertiary Treatment, Sludge Treatment. 
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Prologue 

o 



The computer application in solving engineering problems, though started 
recently, has become an integral part of almost every field of engineering. With 
deepening of knowledge, more and more complexities and their consequences are 
cropping up, which require newer, faster and more sophisticated methods of data 
acquisition, storage, processing and analysis. The development of supportincr software 
for man-machine dialogue has introduced a variety of software packages in every 
specialization of engineering. 

The environmental field too, is experiencing an era of information explosion 
and technological revolution due to increased concern for environment. Growth of 
tremendous information in several fields, heavy regulation books and guidelines have 
necessitated the computer application in environmental engineering. The developed 
countries are producing environmental software at a tremendous pace, which deal 
with diverse fields, from air dispersion modeling to treatment plant design, hazardous 
assessment of chemical releases to huge databases. These software have a sound 
technical content and are produced commercially. 

Contrary to developed countries, Indian environmental software scenario is 
rather dull. The computer application in the specialization is still in its infancy stage. 
The software available are numbered, and are mostly the products of technical 
institutions and research organizations. Due to different climatic and operating 
conditions the databases used in internationally available software are not best suited 
for countries like India. Therefore, there is a need to develop software to suit local 
conditions and regulations. 



Indian journey to make design software may said to be started in late eighties. 
Islam (1987) developed the IBM based design and information aid for water treatment 
plants. Subsequently, Ummat (1988), initiated the development of lNDETREP-“An 
Interactive Package For The Design Of Effluent Treatment Plants”. This software was 
developed on ND-560-Cx super mini computers operating on SINTRAN-III. 
TNDE FREP’ was the first structured menu driven software developed in India. But it 
lacked the system importability, flexibility in unit selection, guidelines, etc, which 
othei'wise would have made the soltware very useful. Further improvements were 
done by Funkwal (1989) and Mishra et al. (1989) in developing INDETREP II and 
PCINDETREP. These software were written in Turbo Paseal version 4.0 supported on 
any IBM based PC XT/AT, and included various options to make the software 
informative and useful to a large extent. Various options of secondary treatment units 
and guidelines were added to provide the user insight about the unit processes, 
treatment efficiency and perfonnance evaluation. In 1990 Apiirb Anand and Dixit 
developed the modified version PCINDETREP - II. However, in this, anaerobic 
treatment units and sludge treatment options were excluded. For water treatment, ’ 
WTRP (Sharma et al, 1989) and WATREP (Dixit, 1992) were developed at IIT 
Kanpur. WATREP may be considered as one of the few water treatment software that 
gives enough insight about the water treatment process as a whole. 

In air pollution control too, several small effoils have been started to deal with 
the various aspects of emission control technologies. For example, some efforts were 
made to develop software for design of (i) local exhaust ventilation system (Anand, 
1996) (ii) control of gaseous pollutants (Goel, 1996) and (iii) control of particulates 
(Sinha, 1995). These software were first of their kind in India. 

The above mentioned small efforts have been instrumental to raise the scope, 
expectations and utility of software packages in environmental engineering 
applications. However, almost all software related research work felt the need for 
development of a comprehensive software package for eiwironmental engineers. 
Further, the research works done earlier arc system dependent, some of them being 
operative on main frame computers, 'i'hus it was not possible to combine them 
together. The need of better visuals, and flexibility in unit selection too, made it 



3 


almost necessaiy to work for such software. Besides this, it was felt that provision for 
range values of process variables will help the user to a large extent in fully utilizing 
the potential of a unit operation and make him understand the limitations and/or 
applicability of the process. It is to satisfy some of these ends that the present work 
was initiated. 



Literature Review 



With the advent of computers in the later half of the 20'*’ century, the 
educational and social scenario have completely changed, 'foday the market is 
floating with software, which serve as an essential tool in achieving several tasks such 
as solving the complex mathematical problems, predicting the future impact, 
providing a reasonably large database for numerous applications, etc. 

Computer application in environmental engineering has started very late. 
Earlier, when the govemment agencies were not strict to enforce the legislation, 
environmental consequences invariably occupied the back seat during 
industrialization process. The rapid, thoughtless development, further aggravated the 
problem, forging everyone to concern not for the present pollution level, but the future 
contamination too. As government agencies today require more and more 
information, engineers and managers are trying to seek out means to handle efficiently 
and cflcctivcly the volume of necessary data. In this context, environmental software 
play a vital role, meeting the huge requirement of design software, databases for 
hazardous chemicals, air modeling and monitoring, etc. 

Environmental software save time in solving complex problems. It helps in 
predicting the future impact of certain hazardous emissions through modeling and 
warn us of the consequences. It reduces the complexity of hand computations and the 
cost of evaluation and decision for a suitable waste management technique is also 
low. These software can readily do comparative evaluation of various treatment 
schemes and last but not the least, it can be operated by a less competent person too 
with a little training. Today software are available for hazardous assessment of 
chemical releases, track aiul monitor anything that could be possibly tracked or 
monitored, analyze samples, manage health and safety, model groundwater flow and 



lot more (Cheremisinoff, 1987; Rich, 1988; 1990; 1991; 1992; 1994; Gupta ct al, 
1092; llodson and Kilbournc, 1996). 

Barring few exceptional cases, commercially the software production in 
environmental engineering field started in 1980’s. In 1985, pollution engineering 
reported the availability ol about fifty software in international market (Rich, 1992). 
These software were dealing with diverse fields ranging from air dispersion modeling 
to design of pretreatment units, hazardous waste management to databases, providing 
the complete environmental regulations. There were several programs available on 
storm water management, basin data management, meteorological monitoring, etc. 
These software were fresh attempts in this field and initially lacked reliability, system 
compatibility, module flexibility and the technical content. But the software market 
exploded soon, rising exponentially every year. In 1990, 357 software were available 
(Rich, 1990). This number has grown to about 600 in 1996 (Hodson and Kilboume, 
1996). These software are competing each other in every respect, from technical 
support to user interaction, system compatibility to operational reliability. Today they 
are dealing with diverse fields like air dispersion modeling, design of treatment units, 
energy analysis, chemical analysis, distribution system, hazardous waste management 
and tracking, groundwater movement and modeling etc. in environmental 
engineering. The government agencies and technical institutions have found a useful 
tool to enforce and regulate the environmental regulations, publicize and attract the 
common public, besides using it as an effective design tool for various options. These 
programs are designed to help environmental professionals do their job better and to 
remain competitive as the environmental market continues to expand globally. 

The software development in India is still in its rudimentary stage. TJie reason 
may be cited as - India is still a developing country and environmental problem is 
considered secondary in comparison to overall material growth. The issue of food and 
employment outweighs the environmental complications originating from discharge 
of untreated wastewater into river streams, uncontrolled air emissions and unsafe 
hazardous waste disposal. The environmental regulations are not enforced strictly and 
discharge limits are less stringent in comparison to developed world. There is a lack 
of awareness among people with respect to environmental problems. But in spite of 
that, several attempts have been made so far to develop software to meet the local 



requirements. Contrary to commercialized software production in developed 
countries, Indian software are developed by educational institutions and research 
organizations. There have been several scattered efforts to develop in-house software 
in India. Environmental engineering groups at the Indian Institute of Technology, 
Kanpur and Bombay have put their elforts in an organized way to develop software to 
cater the local rcqui’-cmcnts. Software dealing with air dispersion modeling (Prasad, 
1989), water quality modeling (Modak et uL, 1988; Gelda, 1989), water and 
wastewater treatment plant design (Ummat, 1988; Funkwal, 1989; Mishra et ai, 1989; 
Anand and Dixit, 1990), ocean outfall design (Matu and Kumar, 1988), risk 
assessment and environmental impact of industries (Dhoondia, 1987), optimized 
phased development of treatment plants (Naik, 1988), etc, have already been 
developed. These software have been put to limited use by pollution control agencies 
and educational institutions. 

These software are simple in operation, have a sound technical content and can 
be put readily as training and educational tool in various organization. During 
operation, they provide useful information about the various options, which help in 
comparing the utility of a particular process. With an improved user interaction and 
graphics, it can compete with the outside world. 

There are some inherent problems with Indian environment software industry. 
Since Indian software are mostly the product of educational and research institutions, 
they do not try to meet the expectations of outside world. The software updating is a 
big problem due to lack of interest. The field of interest is also less diverse as 
compared to the developed country’s interest, and mainly it serves the academic 
purposes. The software supportability and flexibility is poor. Several areas of prime 
interest are still untouched. 



Objectives and Scope 



Ihe review oi literature presented in previous ehapter reveals that the 
development of a comprehensive software package dealing with many aspects of 
environmental engineering suited to Indian conditions has not yet been attempted. As 
such, the principle objective of the present work is to develop a comprehensive 
software package for environmental engineering professionals that will serve the dual 
purpose of (i) assisting the practicing engineers in analysis and design, and (ii) 
education and training. The overall objectives of the present work can be briefed as 
follows. 

• Compilation of information for various physical, chemical, physicochemical and 
biological processes for water and wastewater treatment, and air pollution control 
equipment. 

• Development of a knowledge base to assist user in selection process. 

• Providing a flexible selection system through which user can navigate with ease. 

The present study is limited to the following aspects of the package. 

• Development of an overall master menu selection system for the selection of units. 

• Inclusion of design algorithms of almost all treatment units with specified range in 
which it works well. 

• Design of treatment units to include water and wastewater treatment, local exhaust 
ventilation and emission control devices. 

• Preparation of flow sheets and conceptual diagrams for the option implemented. 

• Development of a guidance system in the package to advise the user on selection 
at various levels. 




Software Structure 
and Features 


4.1 Program Structure 

The overall structure of the package is schematically represented in Figxxre 4.1. 
Advice is available at all levels wherever selection of an option from a set of options 
is required. The package consists of different modules/unit operations dealing with 
various environmental engineering problems. Unit identification causes the design of 
unit, generation of graphical and digital output and formation of the process chain by 
queuing the design units, wherever applicable. The post design features are available 
at the end of design of each unit, which when invoked displays flow sheet, and digital 
and graphical outputs. 


4.2 General Program Logic 

The present package has been developed keeping in view the general nature of 
the package and expected use by the end user. The ultimate objective is to provide the 
user a workable design of treatment units and also give sufficient flexibility to select a 
unit depending upon one’s judgement. 

Every unit in the package has been assigned an identification number, which is 
stored in a file, when the unit is selected as a part of treatment process. The list of 
identification number is given in Tables 4.1, 4.2, and 4.3 for air pollution control, 
water treatment system and wastewater treatment system respectively. 



Start 



Figure 4.1 : Overall Structure of the Package 










Table 4.1: Identification Number Associated with Air Pollution Control 


UNIT 

TYPE ] 

IDENTIFICATION 

Local Exhaust Ventilation 

Hood 

NUMBER 

11100 


Duct 

11200 


Fan 

11300 

Emission Control 

Particulate Control 

Settling Chambers 

12110 


Cyclone Chambers 

12120 


Dry Scrubbers 

12131 


Wet Scrubbers 

12132 


Fabric Filter 

12140 


Electrostatic Precipitator 

12150 

Gaseous Control 

Packed Bed Absorption 

12211 


Bubble Tray Absorption 

12212 


Fixed Bed Adsorption 

12220 


Condensation 

12230 


Incineration 

12240 


The graphic visuals and interactions are accomplished by Turbo C - VER 
3.0(1992). The current version of the package can be mn on IBM PC XT/AT or 
compatible with or without color monitors. 

The graphical database has been generated in Auto CAD version 12.0 to show 
the orthographic details of the unit processes. The *.dxf file generated through this 
package has been used as input file in a computer program written in ‘C’ language, 
which reads the coordinates of the figure and subsequently draws on the screen using 
the graphical capabilities of the Turbo C package. 



Table 4.2: Identification Number Associated with Water Treatment System 


UNIT 

TYPE 

IDENTIFICATION 



NUMBER 

Aeration 

Diffused 

21100 


Spray 

21200 


Cascade 

21300 

Settling 

High Rate Tube Settler 

22110 


High Rate Plate Settler 

22120 


Rectangular 

22210 


Radial Flow Circular 

22221 


Circum. Flow Circular 

22222 

Rapid Mix 

Jet Injector 

23110 


Inline Blender 

23120 


Turbine Type 

23130 


Horizontal Baffled 

23210 


Vertical Baffled 

23220 

Flocculation 

Inline Blender 

24110 


Paddle Type 

24120 


Flat Blade Turbine 

24130 


Vertical Baffled 

24210 


Horizontal Baffled 

24220 

Softening 

Lime Soda Softening 

25100 


Ion Exchange 

25200 

Filtration 

Slow Sand Filtration 

26100 


Rapid Gravity Filtration 

26200 

Disiiifcclion 

Chlorination 

27110 




Table 4.3: Identification Number Associated with Wastewater Treatment 


UNIT 

TYPE 

IDENTIFICATION 



NUMBER 

Preliminary Treatment 

Bar Racks 

31100 


Skimming 

31200 


Prop. Grit Chamber 

31310 


Parshall Grit Chamber 

31320 


Aerated Grit Chamber 

31330 


On-line Equalization 

31410 


Off-line Equalization 

31420 

Primary Treatment 

Rectangular 

32110 


Radial Flow Circular 

32211 


Circum. Flow Circular 

32212 

Secondary Treatment 

Activated Sludge Process 

33110 


Trickling Filter 

33120 


Oxidation Ditch 

33130 


Aerated Lagoon 

33140 


Facultative Lagoon 

33150 


Aerobic Pond 

33160 


Facultative Pond 

33170 


UASB 

33210 

Tertiary Treatment 

Chlorination 

34110 


Rapid Gravity Filter 

34220 

Sludge Treatment 

Gravity Thickening 

35110 


Aerobic Digestion 

35210 


Anaerobic Digestion 

35220 


Sludge Drying beds 

35310 


Filter Press 

35320 




The algorithms of the package can be broadly divided into following main 

heads; 

• Package access code, cover page and general utilities. 

• Menu generation and selection of the process unit. 

• Analysis and/or design of selected option. 

• (icncralion ol tiigital and gniplncal oulpiil and c]ueiiing llie units in its proper place 
in the treatment chain. 

• Display of grapliical information 

• Saving of graphical infoiTnation on a file in the user area for future reference and 
retrieval. 

For speedy processing and to avoid any memory problem, the- entire package 
is made up of small different programs, which are executed with proper control 
through a batch file in MS DOS environment (ver 3.3 or later). The package requires 
some files of Turbo C compiler to show the graphical outputs. 


4.3 Menu Structure 

The present work has been started to prepare a comprehensive software 
package for environmental engineering practice and education. Accordingly menu 
structure has been designed to include almost every aspect dealing from air pollution 
control to solid waste management, water supply to wastewater management. The 
overall menu structure is schematically presented in Figures 4.2-4.22. 

For the sake of clarity and simplicity the entire screen display has been divided 
into two parts. The top part of the screen consists of selectable options available at 
that level, while bottom part is a operating menu, which is instrumental in accessing 
the package operation. The details of operating menu are shown in Figure 4.23. 




Figure 4.2: Options at Main Level 






Main Menu 



Figure 4.3: Options at Local Exhaust Ventilation System 
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Figure 4.4: Options at Particulate Emission Control 



Figure 4.5: Options at Gaseous Emission Control 







Figure 4.6: Options at Intake Level 



Figure 4.7: Options at Water Treatment System Level 



Figure 4.8: Options at Aeration Level 






Figure 4.9: Options at Settling Level 



Figure 4.10: Options at Rapid Mix Level 



Figure 4.11: Options at Flocculation Level 
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Figure 4.9: Options at Settling Level 


Main Menu 


Water Supply 


Baffled 


Vertical 

Horizontal 


Treatment 

System 


Rapid Mix 


Non 

Mechanical 


Mechanical 


Hydraulic 

Jump 


Stone 

Floe 


Jet Injector 
Inline Blender 
Turbine Type 


Figure 4.10: Options at Rapid Mix Level 



Figure 4.11: Options at Flocculation Level 
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Figure 4.12: Options at Softening Level 



Figure 4.13: Options at Filtration Level 



Figure 4.14: Options at Disinfection Level 








IV 



Figure 4.15: Options at Advance Processes Level 



Figure 4.16: Options at Preliminary Treatment Level 



Fipure 4.17: Ontions at Primarv Treatment T .evel 






Figure 4.18; Options at Sedimentation Level 







Figure 4.20: Options at Tertiary Treatment Level 



Figure 4.21: Options at Disinfection Level 



Figure 4.22: Options at Sludge Treatment Level 
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4.4 Structure of Advice 

The option ADVICE is included in this package to equip the user with an on- 
line guidance for selection of options. It is designed in such a manner that it enables to 
quickly evaluate and rate the option against users requirement. 

On invoking this option the text of advice is read from the Turbo C files with 
extension *.hlp and displayed on screen. The advice option is further subdivided into 
three sub options namely DESCRIBE: a brief description of (un)favorable conditions 
for operation, PERFORMANCE: performance from the point of view of important 
and pertinent design parameters, and COMPARISON: a critical comparison of 
options from the point of view of operating features. The relative grading levels and 
abbreviations used in ADVICE are given in Table 4.4. 


Table 4.4: Ralative Grading Levels and Abbreviations used in ADVICE 


0 

Nil 

2 

Very Low 

4 

Low 

6 

Average 

8 

High 

10 

Very High 

F 

Very Poor 

E 

Poor 

b 

Fair 

C 

Good 

B 

Very Good 

A 

Excellent 


NA: Information Not Available 
N/A: Not Applicable 






Design Methodologies — I: 
Air pollution control 


In this chapter design algorithms of local exhaust ventilation system and 
emission control devices have been dealt. To formulate the design approach, air 
pollution engineering manual has been given the prime importance. But, in certain 
cases, where manual did not elaborate the design approach, standard text books and 
journals like Buonicore and Theodore (1975; 1976), Coulson and Richardson (1978), 
Goodfellow (1985), Wark and Warner (1981), Vaart ei al. (1991), etc., have been 
used to formulate the algorithm. 


5.1 Local Exhaust Ventilation System 

The elements of local exhaust ventilation system include hoods, ducts and fan. 
The prime motive of providing local exhaust ventilation system is to collect the 
contaminant jfrom the place of origin and convey it either to emission control units or 
discharge it to atmosphere through high stacks, 

5.1.1 Design of Hoods 

Hoods are devices used to capture emissions of heat or air contaminants, 
which are then conveyed through exhaust system ductwork to a more convenient 
discharge point or to air pollution control equipment. The quantity of air required to 
capture and convey the air contaminants depends upon size and shape of the hood, its 
position/relation to the point of emission, and the nature and quantity of the air 


contaminant. 



Hoods can be classified into two groups depending upon the heat generation 
during the process, (i) Hoods for Cold Processes, and (ii) Hoods for Hot Processes. 


5.1.1a Design of Hoods for Cold Processes 

In design of hoods for cold processes, a large body of recommended 
ventilation rates are used, which have been built over the years by various groups and 
organizations who are involved in control of air contaminant. 

i) Abrasive Blast Room 

1. Input: Area of Openings in Room, Aop®'’; Width of Room, Height of Room, 
Hr'"’’; Downdraft Velocity, vad'"'’; Cross-draft Velocity, Vcd'^'’. 

2. Compute Required Exhaust Rate w.r.t. Area of Openings in Room and Cross- 
sectional Area and Design Exhaust Rate. Use Equation Block 5-001 . 

3. Display Area of Openings in Room, Width of Room, Height of Room and Design 
Exhaust Rate. 

DEFAULT VALUES 
= 0-41 m/s, Vcd'^*' == 0.51 m/s. 


EQUATION BLOCK 5-001 

1- Qop*"^ = Vdd'^'’ X Aop'"'’ 

2. Qcse'='’ = Vdc‘='’xWr"'’xHm,‘^’’ 

3. Qd'*’ = Greater of above Two Exhaust Rates 

UNITS 

Qop'"'’, mVs; Qcs“’’, m^/s; Qa'"'’, m^/s 


ii) Abrasive Blast Cabinet 

1. Input: Area of Openings in Cabinet, Aop'^’’; Width of Cabinet, Web'*’; Length of 
Cabinet, Lcb'*’; Height of Cabinet, Hcb'*’; Velocity of Air through Openings, Vop'*’; 
Rate of Air Change per Minute, Rac'*’- 

2. Compute Exhaust Rate w.r.t. Area of Openings and Air Change per Minute and 
Design Exhaust Rate. Use Equation Block 5-002. 





3. Display Area of Openings in Cabinet, Width of Cabinet, Length of Cabinet, 
Height of Cabinet and Design Exhaust Rate. 

DEFAULT VALUES 

Von"’’ = 2.54 m/s, Rac'"'' = 20 


EQUATION BLOCK 5-002 

1. Qop'^'^ = Vop'="xAop'^^ 

2. Qacm"’' = Rac"’’ X Web"’’ X Lcb'^’’ X Heb'^VbO 

3. Qd'^'^ = Greater of above Two Exhaust Rates 

UNITS 

Qop^^ m'/s; Qacm‘^^ m'/s; Qd'^ m'/s; 


iii) Bagging Machines 

1. Input: Area of Openings in Booth, Aop'^'’; Enclosure Velocity of Air through 
Openings, Vop'^’’. 

2. Compute Design Exhaust Rate. Use Equation Block 5-003'. 

3 . Display Area of Openings in Booth or Enclosure, Design Exhaust Rate. 

DEFAULT VALUES 

Vop'^^ (Paper Bags) = 0.51 m/s, Vop'^^ (Cloth Bags) = 1.02 m/s. 


1. Qd'‘’ = Vop'*’xAop'='’ 

Qd'=^ mVs; 


EQUATION BLOCK 5-003 

UNITS 


iv) Belt Conveyer 

1. Input: Area of Openings, Belt Speed, Vb'*'; Belt Width, Wbs'^*’; Velocity of Air 

through Openings, Vop'^’’; Exhaust Rate per Unit Belt Width, Qbe''’- 

2. Compute Exhaust Rate w.r.t Area of Openings and Belt Width and Design 
Exhaust Rate. Use Equation Block 5-004. 

3 . Display Area of Openings, Belt Speed, Belt Width and Design Exhaust Rate. 







DEFAULT VALUES 

Vb'^" = 1.0 m/s, Vop^-'' = 0.76 m/s, Qb,.'^” = 0.54 m^/s/m 


EQUATION BLOCK 5-004 

1. Qop*^' = Aop='. 

2. Qb^’'’ Qbc^” X Wbs‘''' 

3. Qd'"'’ = Greater of above Two Exhaust Rates. 

UNITS 

gop-^”, m^/s; Qb^”, mVs; m'/s; 


v) Bucket Elevator 

1. Input: Area of Cross-section of Casing, Acs*^'’; Exhaust Rate per Unit Cross- 
sectional Area of Elevator Casing, Qcse'^'^. 

2. Compute Design Exhaust Rate. Use Equation Block 5-005. 

3. Display Area of Cross-section of Casing and Design Exhaust Rate. 

DEFAULT VALUES 

Qcse'’” = 0.5 1 m'^/s/m^ 


EQUATION BLOCK 5-005 


1. Qd"' = Qo,c‘'’xA./'' 
Qd'*, mVs; 


UNITS 


vi) Foundry Screen 

1. Input: Area of Opening in Enclosure, Aop'**; Area of Cross-section, Acs*^^! Velocity 
of Air through Openings, Vop^'*’; Exhaust Rate per Unit Cross-sectional Screen 
Area, Qcse"'’- 

2. Compute Exhaust Rate w.r.t. Area of Openings in Enclosure and Area of Cross- 
section and Design Exhaust Rate. Use Equation Block 5-006. 






3. Display Area of Openings in Enclosure, Area of Cross-section and Design 
Exhaust Rate. 

DEFAULT VAI.UES 

Vop'''’ (Cylindrical) = 2.03 m/s, Vo,,'"'' (Flat Deck) = 1.02 m/s, (Cylindrical) = 0.51 
m^/s/m^ Qcse'^'^ = 0.13 mVs/m^. 


EQUATION BLOCK 5-006 

1. Oop"" = Vop"‘’ X Aop'"'’ 

2. Qcs"’ = Qcse*^” X Acs'^'^ 

3. = Maximum of above Two Values. 

UNITS 

Qop'^ m^/s; Qcs‘''\ mVs; Qd‘'^ m^/s; 


vii) Foundry Shakeout 

1. Input; Area of Openings, App*^’’; Grate Area, Ag'^'^; Velocity of Air through 
Openings, Vop'^'’; Exhaust Rate per Unit Grate Area, Qge'^’’. 

2. Compute Design Exhaust Rate. Use Equation Block 5-007. 

3. Display Area of Openings, Grate Area and Design Exhaust Rate. 

DEFAULT VALUES 

Vop‘^'^= 1.02 m/s, Qgp'^’’ (Hot Castings) = 1.02 mVs/m^, Qge'^*' (Cool Castings) = 0.76 
m^/s/m^. 


EQUATION BLOCK 5-007 

1. Qop^' = Vop'^' X Aop^” 

2. Q/” = X A/” 

3. Qd'^*’ = Maximum of above Two Exhaust Rates. 

UNITS 

Gop*-'", mVs; Qg'^”, m-Vs; Qd'^^ mVs; 





viii) Fondry Shakeout (Side Hood) 

1 . Input; Grate Area, Ag'"’’; Exhaust Rate per Unit Grate Area, Qge*^'’. 

2. Compute Design Exhaust Rate. Use Equation Block 5-008. 

3. Display Grate Area and Design Exhaust Rate. 

DEFAULT VALUES 

Qge'"'' (Hot Castings) - 2.29 nrVs/ni^, QgC'' (Cold Castings) = 1.91 mVs/m^. 


1. = Qge'^'^ X A/’’ 

Qd''', ni^/s; 


EQUATION BLOCK 5-008 

UNITS 


ix) Grinder, Disc & Portable 

1. Input: Area of Open Face, Ao,,*^'’; Plan Working Area, Api'^*’; Velocity of Air 
through Open Face, Vop'^’’; Exhaust Rate per Unit Plan Working Area, Qpie*^^. 

2. Compute Design Exhaust Rate. Use Equation Block 5-009. 

3. Display Area of Open Face, Plan Working Area and Design Exhaust Rate. 

DEFAULT VALUES 
Vop'"’’ = 1-52 m/s, Qpie*^'' = 0.76 mVs/m^. 


EQUATION BLOCK 5-009 

1. Qop‘^'’ = Vop'^”xAop‘='’. 

2. Qpl‘^”-Qp,e^%Apl‘=^ 

3. Qd'^'’ = Greater of the Above Two Exhaust Rates. 

UNITS 

Qop"\ mVs; Qpl‘'^ m^/s; Qd"^ m^/s; 


x) Grinders and Crushers 

1 . Input: Area of Openings, Aop"'’; Velocity of Air through Openings, Vop"'\ 

2. Compute Design Exhaust Rate. Use Equation Block 5-010. 

3. Display Area of Openings, Design Exhaust Rate. 







Vop"'’’ = 1.02 m/s 


DEFAULT' VALUES 


1. Qd''’ = Vop"'’ X Aop"'’. 
Qd^'*’, mVs; 


EQUATION BLOCK 5-010 

UNIT 


xi) Mixer 

1 . Input: Area of Openings, Aop''’’’; Velocity of Air Through Openings, Vop'^’’. 

2. Compute Design Exhaust Rate. Use Equation Block 5-011. 

3. Display Area of Openings and Design Exhaust Rate. 

DEFAULT VALUES 

= 0.76 m/s. 


1. Q/" v.p'-'’' X Ao,f ". 

Od"'. niVs; 


EQUATION BLOCK 5-011 

UNIT 


xii) Packaging Machine (Booth) 

1. Input: Width of Booth, Height of Booth, Hbt'^*'; Distance of Work-piece 

from Face of Booth, Xwb'^*’; Indraft Velocity, Vj/*’. 

2. Compute Design Exhaust Rate. Use Equation Block 5-012. 

3. Display Width of Booth, Height of Booth, Distance of Work-piece from Face of 
Booth and Design Exhaust Rate. 

DEFAULT VALUES 

Vid'^'^ = 0.38 m/s. 






EQUATION BLOCK 5-012 

1 . Qd" = v,d‘-’'' X [ 1 0 X (Xwb"'y + 2 X ( X Hbt‘-''’)]/2 

UNIT 

Qd''\ m^/s; 


xiii) Packaging Machine (Downdraft/Enclosure) 

1 . Input: Area of Openings, Aop"'’; Velocity of Air Through Openings, Vop‘'^ 

2. Compute Design Exhaust Rates. Use Equation Block 5-013. 

3. Display Area of Openings and Design Exhaust Rate. 

DEFAULT VALUES 

Vop'"'’ (Downdraft) = 0.57 m/s, Vop*^’’ (Enclosure) = 1.27 m/s. 


EQUATION BLOCK 5-013 

1. Qd‘^'’ = Vop'='’xAop‘='\ 

UNIT 

Q/'\ mVs; 


xiv) Paint Spray 

1. Input: Width of Booth, Height of Booth, Distance of Work-piece 

from Face of Booth, Xwb*^'’; Indraft Velocity, Vid'^'^. 

2. Compute Design Exhaust Rate. Use Equation Block 5-014. 

3. Display Width of Booth, Height of Booth, Distance of Work-piece from Face of 
Booth and Design Exhaust Rate. 

DEFAULT VALUES 

Vid'^’’ = 0.76 m/s. 


EQUATION BLOCK 5-014 

1. = v,d‘='' X [10 X (Xwb‘='y + 2 X (Wbi-^” X Hb.‘=*')]/2 

UNIT 


Qd‘=^ m'/s; 






xv) Rubber Rolls 

1 . Input: Area of Openings, Aop"^^; Velocity of Air Through Openings, Vop'^’’. 

2. Compute Design Exhaust Rate. Use Equation Block 5-015. 

3 . Display Area of Openings and Design Exhaust Rate. 

DEFAULT VALUES 

Vop‘^'’= 0.45 m/s. 


1. Qd^'’ = Vop'^*' X Acp"’’ 

mVs; 


EQUATION BLOCK 5-015 

UNIT 


xvi) Welding Arc 

1. Input: Width of Booth, Height of Booth, Hb'*’; Distance of Work-piece 

from Face of Booth, Xwb°'’; Velocity of Air Through Opening, Vop'^*’. 

2. Compute Design Exhaust Rate. Use Equation Block 5-016. 

3. Display Width of Booth, Height of Booth, Distance of Work-piece from Face of 
Booth and Design Exhaust Rate. 

DEFAULT VALUES 

Vop'^^ = 0.51 m/s 


EQUATION BLOCK 5-016 

1 . Qd'” = Vop'” X [10 X (Xwb’^”)^ + 2 X (Wbt'^” X Hbt"'’)]/2 

UNIT 


Qd"*’, mVs; 


5.1.1b Hoods for Hot Processes 

Hooding for hot processes requires application of different principie than that 
for cold processes because of the thermal effect. A thermal draft is caused due to 
significant heat transfer to the surroundings, causing a rising air air current with 







considerable velocity. The higher the column rises, the larger it becomes and the more 
diluted with ambient air. 7’he design of hood for hot processes takes into account all 
these things. 

The hoods for hot processes can be further classified into four types as (i) 
circular high canopy hood, (ii) rectangular high canopy hood, (iii) circular low canopy 
hood, and (iv) rectangular low canopy hood. 


i) Circular High Canopy Hood 

1. Input: Diameter of Source, dso'’’’; Temperature of Source, Ths’’’'; Height of Hood 
Above Source, Hhs*'*’; Temperature of Ambient Air, Ta'^'^; Velocity Required in 
Remaining Area of Hood, Vra’^'’. 

2. Compute Distance from Source to the Hypothetical Point Source, Distance from 
Hypothetical Point Source to Hood, Diameter of Rising Air Stream, Required 
Hood Diameter, Area of Hood Face, Velocity of Rising Air Jet and Design 
Exhaust Rate. Use Equation Block 5-018. 

3. Display Diameter of Hot Source, Temperature of Hot Source, Height of Hood 
Above Hot Source, Temperature of Ambient Air, Required Hood Diameter and 
Design Exhaust Rate. 


EQUATION BLOCK 5-018 

1. Xsp'^’’ = (2xdso'’V0.3)'''^‘^x0.3 

9 hh hh , T r liii 

/. Xjip Xjjp + iijip 

3. das’’’’ = 0.5 x [Xhp'’V0.3]‘^ *** X 0.3 

4. Aj'” = 7TX(das'’V/4 

5. dh'^'' = das"” + 0.8 X Hhp"" 

6. Aj’" = rr X (dH"")V4 

7. v,.h"" = 8 X (Aj’" /(0.3)')"' X [(Th"" - T*) x 18 + 32]'"' x 0.3/[(Hhp""/0.3)"'' x 60] 

8. Qd"" = V,.,’’" X A, as"" + v,a"" X (A„h"" - A„.s"") 


UNITS 


tsp"", m; Xhp"", m; das"", m; dh"", m; Aras"", m'; Ahh"", m'; v^a"", m/s; Qa"", mVs. 




ii) Rectangular High Canopy Hood 

1. Input: Length of Hot Source, Lhs''*’; Width of Hot Source, Whs'^'^; Temperature of 
Hot Source, Th*’*’; Height of Hood Above Hot Source, Hhs*’*’; Temperature of 
Ambient Air, Ta; Velocity through Remaining Area, Vra'’*'. 

2. Compute Distance of Hot Source from Hypothetical Point Source, Distance from 
Hypothetical Point Source to the Hood, Width of Rising Air Jet, Length of Rising 
Air Jet at Hood Face, Required Hood Width, Required Hood Length, Area of 
Hood Face, Velocity of Rising Air Jet at Hood Face and Design Exhaust Rate. 
Lfse Equation Block 5-019. 

3. Display Length of Hot Source, Width of Hot Source, Temperature of Hot Source, 
Height of Hood above Hot Source, Temperature of Ambient Air, Required Hood 
Width, Required Hood Length and Design Exhaust Rate. 


EQUATION BLOCK 5-019 

1. Xsp'^'’ = (2x Whs*’'’/0.3)"^*x0.3 

2. Xhp''” = xsp''” + H,,'”' 

3. Wj’'’ = 0.5x(x|,p''Y®*‘x0.3 

4. lJ’'’ = lJ''' + (w,J’''-w,J‘'’) 

5. A, as'' = W,as" X L.as" 

6. W,,'”’ = W,as" + 0.8 X HiJ'” 

7. Lh'”’ = Lras" + 0.8 X Hhs" 

8. A„h" = Wh" X Lh"’ 

9. Vrh" = 8 X [(Wh'"’ X Lh'’'')/(0.3 X 0.3)]'^^ x [(Th*’^ - Ta””) x 1.8 +32] x 0.3/[(Xhp”” 
/0.3)l/4x60] 

10. Qd”” = A, as" X V,h”” + V,a"' X (A„h" - A,.s") 

UNITS 


Xhsp'” , m; Xhp””, m; W,as", m; L,as", tn; Wh”', m; Lh", m; A^s", Ahh", m'; Vras' 
m/s; Qd", m^/s. 


iii) Low Canopy Circular Hoods 

1. Input: Diameter of Hot Source, dij”; 'remperature ofllot Source, li,””; Height of 
Hood Above Hot Source, HiJ'”; Ambient Air 'I'emperature, Ta. 




2. Compute Temperature Difference, Diameter of Hood and Design Exhaust Rate. 
Use Equation Block 5-020. 

3. Display Diameter of Hot Source, Diameter of Hood, Temperature of Hot Source, 
Ambient Air Temperature, Height of Hood above Hot Source and Design Exhaust 
Rate. 


— ^Et^UAtTONlBLOC^^ 

1. At-T„”'’ T, 

2. dh'’*' = dhs"” + 0.3 

3. = 4.70 X (dh^'VO.3)-- x (At x 1 .8 + 32)^^'^ x (0.3)^/60 

UNITS 

At, °c; dh'^’’, m; mVs; 


iv) Low Canopy Rectangular Hood 

1. Input: Width of Hot Source, Whs'’’’; Length of Source, Lhs'^'’; Temperature of Hot 
Source, Ti,’’''; Height of Hood above Hot Source, HiJ’’’; Ambient Air Temperature, 
Ta. 

2. Compute Width of Hood, Length of Hood, Temperature Difference and Design 
Exhaust Rate. Use Equation Block 5-021 . 

3. Display Width of Source, Length of Source, Height of Hood above the Source, 
Width of Hood, Length of Hood, Temperature of Hot Source and Temperature of 
Ambient Air. 


EQUATION BLOCK 5-021 

1. Wh'^'’ = Whs''*’ +0.3 

2. Lh'’” = Lhs”'^ + 0.3 

3. At = T, Ta 

4. Qd'”’ = (Lh'’'V0.3) X 6.2 x (Wh'^'VO.S)^'^ x (At x 1 .8 + 32)^'"^ x (0.3)V60 

UNITS 

Wh”’’, m; L,;'”, m; At, °c, Qd”'\ mVs; 




v) Slot Hood for Open Surface Tanks 

1 . Input: Width of 'fank, W*"'’; Length of Tank, L'’^ 

2. Compute Slot Width and Design Exhaust Rate. Use Equation Block 5-022. 

3. Display Width ot Tank, Length of Tank, Slot Width and Design Exhaust Rate. 


EQUATION BLOCK 5-022 


1. Ws”^ = 5.15969 x(W'^'’)’ ''^*^ 

= 5.15969 X (2 xW'’")' "^**^ 

2. Qd'”’ = 1.06656 X x L"” 

= 1.06656 X 2 X x L'”’ 


Slots along Both Long Sides 
Slots along One Long Side 
Slots along both Long Sides 
Slots along one Long Side 


Qd 


mVs; W'^^ m; L*’*', m; Ws'’^ m; 


UNITS 


5.1.2 Design of Duct 

Ducts are used in LEV to cairy the contaminant intercepted from hoods to 
stack or the air control equipment, whatever the case may be. In designing a system of 
ductwork with multiple branches, the resistance of each branch must be adjusted so 
that the static pressure balance will give the desired volume in each branch. To 
accomplish this result two methods arc generally used - (i) The Balance Duct or 
Static Pressure Balance Method, in which duct sizes are chosen so that the static 
pressure balance at each junction will achieve the desired air volume in each branch 
duct, and (ii) The Blast Gate Adjustment Method, in which calculation begins at the 
branch of greatest resistance. The other branches are merely sized to give the 
minimum required velocity at the desired volume. 

DESIGN ALGORITHM OF DUCT 

1. Ask if Duct Design is to be Done by Balanced Duct Method or by Blast Gate 
Adjustment Method and Read the Response. 

2. If Ducts to be Designed for Hoods Stored in Hood Design Output File Then 
Establish Correspondence Between Hood Numeric Labels and Branch Pipe 
Numeric Labels. Use Equation Block 5-023. 

3. Establish Flow Rates Through Various Branch Pipes. Use Equation Block 5-024. 




4. Else Prompt to Enter Total Number of Pipes. 

5. Prompt to Enter Details of All Pipes One by One as and When Asked. 

6. Prompt ‘Pipe Number i’ 

7. Prompt to Enter Numeric Labels of Pipes. 

8. Prompt to Enter if it is a ‘Branch Pipe’ or ‘Main Pipe’. 

9. If ‘Main’ Establish Flow Rate Through the Pipe. Use Equation Block 5-025. 

10. Compute Diameter and Actual Velocity Through the Pipe. Use Equation Block 5- 
026. 

11. Compute Velocity Pressure for the Flow. Use Equation Block 5-026. 

12. If ‘Branch’ — Compute Hood Entry Losses. Use Equation Block 5-027. 

13. If Elbow/Elbows Present — Compute Equivalent Straight Length. Use Equation 
Block 5-028. 

14. If ‘Branch’ — If Branch Entry Present — Compute Equivalent Straight Length. 
Use Equation Block 5-029. 

15. Compute Total Length as Total Length = Actual Length + Elbow Equivalent 
Length + Branch Equivalent Length. 

16. Compute Friction Loss. Use Equation Block 5-030. 

17. If ‘Branch’ — Compute Static Pressure in Pipe at Pipe’s Junction with Main Pipe 
and Compare Above Calculated Static Pressure with Static Pressure value at the 
Junction. Use Equation Block 5-031. 

18. If ‘Main’ — 

If not Last Pipe — Compute Static Pressure at Pipe’s Junction with 
Succeeding Main Pipe as Static Pressure = Static Pressure at Previous Junction + 
Friction Loss 

Else, Add Resistance Offered by Air Pollution Control Unit Present Between 
Second Last Pipe and Last Pipe to Static Pressure at the End of Second Last Pipe 

1 9. 1 = i + 1 . 1 f i Total Number of Pipes go to 5. 

20. Merge the Files of ‘Branch Pipes’ and ‘Main Pipes’ Flow Rates and the Files of 
‘Branch Pipes’ and ‘Main Pipes’ Static Pressure. 

UNITS 

Psp^ cm of Water; H,-', cm of Water; PviA cm of water; Eih^ cm of Water; L^ m; Lhe^ 

m; Lce‘‘, m; dp‘', m; Qg, mVs; Vd*', m/s; 





EQUATION BLOCK 5-023 

1 . Display the Contents of Hood Design Output File. 

2. Display the Hood Numeric Label. 

3. Prompt to Enter Numeric Label of branch Pipe Orig ina ting from the Above Hood. 

4. Store the Correspondence Between Hood and Duct Numeric Labels. 


EQUATION BLOCK 5-024 

1 . If Accessing Duct Design After Hood design then Display the Choice 

1 . Duct Design for Hoods Stored in Hood Design Output. 

2. Duct Design for Some Other Hood System. 

2. IfChoice= 1, then 

a) Read the Information Stored in Equation Block 5-023. 

b) Ask if There are any More Branch Pipes Other than those Originating from 
Hoods Stored in Hood Design Output File. If ‘Yes’ then Read the Flow Rates for 
Such Remaining Pipes. 

3. If Choice = 2 or if Duct Design is Accessed Directly from Main Menu Without 
Doing Duct design — Read Flow Rates for All Branch Pipes. 


EQUATION BLOCK 5-025 

1 . Display Numeric Label of Main Pipe Under Consideration. 

2. a) In Case of First Main Pipe Encountered Ask to Enter Numeric Labels of 
Branch Pipes Present at the Beginning of the Main Pipe. 

b) In Case of Second Main Pipe and Onwards Ask if Branch Pipes are 
Present at Beginning of the Main Pipe. If ‘Yes’ then Ask to Enter Numeric Labels 
of Such Branch Pipes. 

3. In Case of Second Pipe and Onwards, Ask if Main Pipes are Present at Beginning 
of the Main Pipe. If ‘Yes’ then Ask to EntCT Numeric Labels of Such main Pipes. 

4. Compute Flow Rate of Main Pipe Under Consideration by Adding Flow Rates of 
All Pipes Whose Numeric Labels have been Entered in (2) and (3) Above. 






EQUA fiON BLOCK 5-026 

1 . Display Recommended Minimum Duel Velocities. 

2. Prompt to Enter Required Minimum Duct velocity. 

3. Display the Exact Diameter Required for the Velocity Entered in (2). 

4. Prompt to lintcr Nearest Diameter Pipe Available Slightly Lesser than the 
Diameter Displayed. 

5. Display the Actual Velocity in the Pipe for the Diameter Displayed in (4). 


EQUATION BLOCK 5-027 
Display Various Types of Hood Enteries. 


1. 

Plain Duct End Hood Entry 

Coefficient = 0.9 

2. 

Flanged Duct End Hood Entry 

Coefficient = 0.5 

3. 

Trap or Settling Chamber Flood Entry 

Coefficient = 1 .5 

4. 

Standard Grinder Hood Entry 

Coefficient = 0.65 

5. 

Sharp Edge Orfice Hood Entry 

Coefficient = 1.8 

6. 

Flared Hood Entry 

Coefficient = 0.15 

7. 

Orfice Plus Flanged Duct Hood Entry 

Coefficient = 2.3 

8. 

Direct Branch Booth Hood Entry 

Coefficient = 0.5 

9. 

10. 

Bell Mouth Hood Entiy 

Tapered Hood Entry 

Coefficient = 0.025 


For Round Tapering Section, Coefficient = 0.318233 - 0.0155582 x 
Taper Angle + 0.000336506 x (Taper Angle)^ - 3.28324 x 10'® x (Taper Angle)^ + 
1.67535 X 10'** x (Taper Anglef -3.36642 x 10'" x (Taper Angle)^ 

For Rectangular Tapering Section, Coefficient = 0.410292 - 0.0142047 
X Taper Angle + 0.000243574 x (Taper Angle)** - 1.41819 x lO'S (Taper Angle)** 
+ 2.8 1 8869 X 1 0'*^ x (Taper Angle)^ 

Hood Entry Loss = Coefficient x Velocity Pressure 




1 


EQUATION BLOCK 5-028 

1 . Ask if Elbows are Present in Pipe Under Consideration 

2. If ‘Yes’ Ask Total Number of Elbows in Pipe Under Consideration. 

3. For All Elbows in the Pipe i, 

a) Display the Choice 

1- 90^^ Elbow 

2- 60*' Elbow 

3- 45** Elbow 

b) Prompt to Enter the Choice. 

c) Further Display the Choice 

1 - Elbow Throat Radius/Pipe Diameter = 1 .0 

2- Elbow Throat Radius/Pipe Diameter = 1 .5 

3- Elbow Throat Radius/Pipe Diameter = 2.0 

d) Prompt to Enter the Choice. 

4. Compute the Equivalent Length 

For Combination l-I ; Equivalent Length = 1.27869 x (Pipe Diameter)* ’^*'^^ 
1-2; Equivalent Length - 0.938617 x (Pipe Diameter)’ ' 

1- 3: Equivalent Length = 0.742575 x (Pipe Diameter)' 

2- 1: Equivalent Length -= -1.82801 H- 1.53051 x Pipe 

Diameter + 0.0212741 x (Pipe Diameter)' - 0.000272925 x (Pipe Diameter)" 

: Equivalent Length = -0.938195 + 1.00825 x Pipe 

(Pipe Diameter)" - 0.000200454 x (Pipe Diameter)". 
Equivalent Length = -1.23758 + 0.896278 x Pipe 
(Pipe Diameter)" - 0.0000135909 x (Pipe Diameter)". 

: Equivalent Length = 0.678405 x (Pipe Diameter)' 

: Equivalent Length = -0.0320306 + 0.590966 x Pipe 
(Pipe Diameter)" - 0.000125876 x (Pipe Diameter)" 

: Equivalent Length = -0.253637 + 0.499118 x Pipe 
(Pipe Diameter)" - 0.000102026 x (Pipe Diameter)" 





EQUATION BLOCK 5-029 

1. Ask if Branch Entry Present in Pipe Under Consideration. 

2. If ‘Yes’ Display the Choice 

1- 45 Branch Entry 

2- 30° Branch Entry 

.3- 1 5° Branch Entry 

3. Compute Straight Length of Pipe Equivalent to the Branch Entry. 

In Case of 45° Entry, Equivalent Length = -0.537534 + 1.13683 x 
Pipe Diameter + 0.0365214 x (Pipe Diameter)^ + 0.000573688 x (Pipe Diameter)^ 
In Case of 30° Entry, Equivalent Length = -0.113733 + 0.720469 x 
Pipe Diameter + 0.0208043 x (Pipe Diameter)^ - 0.00029353 x (Pipe Diameter)^ 

In Case of 15° Entry, Equivalent Length = -0.00270415 + 0.268724 x 
Pipe Diameter + 0.01 79015 x (Pipe Diameter)^ - 0.00029837 x (Pipe Diameter)^ 


EQUATION BLOCK 5-030 

1. hp* = 54.6525 x 10° x (Pipe Diameter)"^ x (Flow Rate of Pipe)’'°’*’' 

2. Friction Loss = h|;* x Total Pipe Length/30.5 


EQUATION BLOCK 5-031 

1. From the Stored Values Read Static Pressure at the End of Branch Pipe i and also 
Static Pressure at the Junction at Which Branch Pipe Meets Some Main Pipe. 

2. If Static Pressure in Branch Pipe i (SPB,) < Static Pressure at Junction(SPJ) then 

If the Design is to be Done by Balanced Duct Method then 

1. Compute Difference Between SPB, and SPJ. 

2. If Difference < 5% then Design of Pipe is O.K. 

3. If Difference is Greater than 5% but Less than 20% then 

a) Put SPBi = SPJ 

b) New Flow Rate — Present Flow Rate x (SPJ/SPB;)'^^ 

c) New Velocity through Pipe i = [New Flow Rate x 4/(7t x (Diameter of 

Pipe)')] 

d) Compute Velocity Pressure for the Flow as Explained Earlier. 

Please move lo next page for rest of the Algorithm 





3. e) Compute Hood Entry loss as Explained Earlier. 

0 It Pipe d’ is Connected to Some Hood Stored in Hood 
Design Output then Tell “Exhaust Rate Required through Hood has been Changed 
to New Exhaust Rate” 

Else, If Pipe ‘i’ is not Connected to Any Such Hood then Tell “Flow 
Rate Required through Pipe ‘i’ has been Clianged to New Flow Rale. 

4. If Difference is Greater than 20% 

a) Tell that Diameter of Pipe ‘i’ has to be Reduced. 

b) Read the New Diamcter(Slightly Less than Present Diameter). 

c) New Velocity = [Flow Rate x 4/(7i x (New Diameter of Pipe)^)] 

d) Compute Velocity Pressure for the Flow as Explained Earlier. 

e) Compute Hood Entry Loss for the Flow as Explained Earlier. 

1) Compute Equivalent Straight Pipe Length Equivalent to Elbows in Pipe as 
Explained Earlier. 

g) Compute Straight Pipe Length Equivalent to Branch Entry(if Present) in 
Pipe ‘i’ as Explained Earlier. 

h) Compute Total Length as Explained Earlier. 

i) Compute Friction Losses as Explained Earlier. 

j) Compute New SPBi as Explained Earlier. 

k) Go to (2). 

5. IfSPB.<SPJthen 

1. Compute the Difference Between SPBj and SPJ. 

2. If Difference < 5% then Design of Pipe is O.K. 

3. If Difference > 5% then Tell “Going to Beginning of Duct Design. Please 
Start from Branch of Greater Resistance or Diameter Reduced.too Much”. 


5.1.3 Design of Fan 

Fans are used to move air from one point to another. In the control of air 
pollution the fan, blower or exhauster imparts movement to air mass and conveys the 
air contaminant from the source of generation to a control device. 




1 . Input: Fan Static Pressure, Pj/; Volume of Air Flow, Qg. 

2. If Fan Static Pressure is Greater than 2.54 cm but Lesser than 22.86 cm of Water, 
Compute RPM Required for Fan, BHP Required for Fan, Outlet Velocity and 
Outlet Velocity Pressure. Use Equation Block 5-032. Else Tell that “Available 
Data Limits Fan Design by This Package to Fan Static Pressure Between 2.54 cm 
to 22.86 cm of Water Whereas the Present Fan Static Pressure Lies Outside This 
Range”. 

3. Display Fan Static Pressure, Volume of Air Flow, RPM and BHP of Fan, Outlet 
Velocity and Outlet Velocity Pressure. 


EQUATION BLOCK 5-032 

Q* = 21 18.88 xQg^ 

Ps/ = 2.54 cm of Water^ 

(0^ = 404.29 - 0.010204 x Q* + 7.17584 x lO"^ x + 1.51389 x 10'^ x - 
3.43421 X 10-'^ X Q*^ + 1.92892 x lO''^ x 

bhp^= 0.632346 - 0.000352015 x Q* + 1.4548 x lO'"^ x Q*^ + 1.53881 x 10''^ x - 
2.01628 X 10*'^ xQ*^+ 1.64214 X 10’‘^xQ*^ 

Ps/= 5.08 cm of Water 

0)*^= 815.184 - 0.268419 x Q* + 0.00011269 x Q*^ + 2.0414 x 10'® x Q*^ - 1.83663 x 
10'*^ X - 6.37728 x 10''^ x Q*^ 

bhp^= 0.620223 - 0.000119515 x Q* + 2.1928 x 10'^ x Q*^ - 3.76219 x 10’" x Q*^ + 
4.09368 X 10''^ X Q*'* - 1.33099 x 10'*'^ x 
Ps/ = 7.62 cm of Water 

= 27.9305 +0.744212 x Q* - 0.00030529 x Q*^ + 6.02864 x 10’* x - 5.55024 x 
10'^ X Q*'* + 1.941 1 1 X 10'*^ X 

bhp*' = 4.17803 - 0.003314 x Q* + 1.5169 x 10"^ x Q*^ - 2.74518 x 10‘^® x Q*^ + 
2.47021 X lO'’"^ X - 8.18488 x 10"'’ x Q*^ 

Pj/= 10.16 cm of Water 

= 867.613 - 0.0355223 x Q* + 1.0556 x 10'* x - 6.3907 x 10'*° x Q*^ + 2.45887 x 
lO'*'^ X Q*'* - 4.27793 x 10 *® x Q** 




bhp' = -0Ji6322 +0.00179482 x Q* -4.24837 x 10^' x Q*' + 8.48618 x 10'" x Q*^ - 6.35201 
X 10''"xQ*"+ 1.86718. X 10 ‘"xQ*' 

P,/= 12.7 cm of Water 

(o‘ - 972.071 - 0.0496768 x Q* + 1.66908 x 10'^ x Q*^ - 1.7671 1 x lO '"’ x + 1.09376 x 
10-'' X Q*-* - 2.67908 x 10'“* x 

bhp' = 16.1 191 - 0.0105773 x Q* + 3.311 1 x lO''’ x 0*^-4.43715 x ]0''° x Q*^ + 2,90945 x 
lO'-'xQ*' • 7.17434 X 10 ‘‘'xQ*" 

P,/= 15.24 cm of Wa tel- 
co' - 1210.57 0.144984 x Q* + 3.8024 x W' x Q*’ -4.12636 x lO''^ x + 2.36158 x 10 “ 

xQ*'- 5.37532 X lO-'^xQ*^ 

bhp'' = -71.8968 + 0.0551111 x Q* - 1.52797 x 10'^ x Q*' + 2.0781 x 10'® x Q*^ - 1.3455 x 
10-'^ X Q*^ + 3.35732 x lO"'* x Q*^ 

Ps/= 17.78 cm of Water 

co'= 1326.52- 0.151636 xQ* + 3,85359 X 10'^ x Q*^ -4.34377 x 10'® x Q*^ + 2,62494 x 10' 
xQ*^- 6.29424 X lO-'^xQ*^ 

bhp‘'= 22.8382 - 0.0129922 x Q* + 3.74724 x 10"^ x Q*' - 4.71347 x 10''° x Q*^ + 2.95905 x 
10''" xQ*"- 7.0916 X 10-'^ xQ*" 

Ps/= 20.32 cm of Water 

965.144 + 0.145428 x Q* -4.04604 x 10'^ x Q*^ +5.84971 x lO'^x Q*^- 1.08718 x 10’'^ 

X Q*-' + 2.40427 X 10'‘^xQ*^ 

bhp' - 59.1834 0.0334953 x Q* + 8.59308 x lO'*^ x Q*^ - 1,02079 x 1 O'" x Q*^ + 5.99306 x 

10-'^ X Q*' - 1.36446 X 1 O'"* X Q*^ 

Ps/= 22.86 cm of Water 

co^= 242.24 + 0.638687 x Q* - 0.00015761 1 x Q*^ + 1.90236 x 10'® x Q*^ - 1.08718 x lO"'" x 
Q*" + 2.40427 X 10''^ xQ*^ 

bhp''= -35.0392 + 0.0253441 x Q* - 5.76504 x 10'^ x Q*' + 6.82271 x lO''® x Q*^ - 3.82442 x 
lO-'-* X Q*^ + 8.43523 x 10''® x Q*^ 

Vo' = 1.92216 X 10-7xQ*' ““^^ 

Pvp^= 23.01 1 103 X 10-9 X 

UNITS 

m' , Rotation per Minute; bhp', Brake Horse Power; Q/, mVs; Vq*^, m/s; Ps/, em of 
Water; Pyp*, cm of Water 



5.2 Emission Control Equipment 

Emission control equipment include (i) equipment to remove the suspended 
particulate matter in the emission, and (ii) equipment to remove the gaseous 
contamination. 


5.2.1 Particulate Removal Equipment 
(i) Design of Settling Chambers 

1. Input: Gas Flow Rate, Qg; Particle Diameter, dp®’’; Specific Gravity, G.: Kinematic 
Viscosity, Vg, Number of Trays, Ntr*’’; Expected Efficiency, ti; Length to Width 
Ratio of Settling Chambers, Riw*'’- 

2. Compute Chamber Parameters(Length, Width and Height) and Reynolds Number. 
Use Equation Block 5-033. 

3. If Reynolds Number > 2300 

“Do You Want to Add More Trays for Flow to be Laminar” 

If “Yes” go to (5) Else (4). 

4. Compute Total Number of Trays Required, Length, Width and Depth. Use 
Equation Block 5-034. 

5. Compute Total Number of Trays Required, Length, Width and Depth for 
Turbulent Flow. Use Equation Block 5-035. 

6. Display Gas Flow Rate, Efficiency of Removal, Number of Trays, Length, Width, 
Spacing Between Trays, Total Height of Chamber. 

DEFAULT VALUES 

dp'” = 50 X 1 0'^ m, Gs = 2.0, Ug = 1.5 x lO’^mVs, Nt/” = 1.0, n = 0.99, Riw'’’ = 1 .0. 

RANGE 

dp'P = 50-100 X 10'^ m,,Ntr*” = 1.0-20.0, -q = 0.99, Riw'” = 1.0-4.0. 


EQUATION BLOCK 5-033 

1 • Vst'” = [(g X (dp'”)^ X Gs/1 8 X Ug] 

2. Ks'” = qxQg/Vst'” 

3. ytr'P = [(Ks'”)'^^/N,r'’’] X 0.5 

4. Ht'” = N,/”xytr'” 





EQUATION BLOCK 5-034 

1 . N,/” = [(2 X Qg)/( Ug X X 2300)] 

2. W‘’‘’ = [K/P/(Ni;‘’xR|w^P)]‘^^ 

3. = Rkv'” X 

4. /Nt/P 

UNITS 


W“P, m; L'P, m; yt/^, m; 


EQUATION BLOCK 5-035 

1 . Ks'P = (- Qg/Vst®’’) X loge( 1 - ri) 

2. y,,''’ •|(^<.•."’)'^■VN„^'’|'^^x0.5 

3 . W^P = [Ks‘P/(Nt/P X R,w"’)] ' " 

4. I/P = Rkv*’’ X W^P 

5. Ht^P = Nt/P X yt..^P 

UNITS 


yi 


sp 


, m; W„*P, m; I/p, m; Ui'P, in; 


ii) Design of Cyclone Chambers 

1. Input; Gas Flow Rale, Qg; Gas Viscosity, Ug; Width of Gas Inlet, Wg,‘'P; Inlet 
Velocity, Vgi’-'P; Particle Density, G^; Gas Density, pg; Diameter of Cyclone, dey'P; 
Efficiency of Motor and Drive, 

2. Compute Number of Turns, Cut Size Particle Diameter. Use Equation Block 5- 


036 . 






3. Enter the Type of Cyclone Chamber. 

“Do You Want to Work with Default Values” 

■If “yes” go to (4) Else (5). 

4. Compute the Dimension of Cyclone Chamber. Use Equation Block 5-037. Go to 
(7). 

5. Input; Ratio of Length of Cylinder to Diameter of Cyclone, Ricu"’; Ratio of Length 

of Cone to Diameter of Cyclone, Riccd'"’’; Ratio of Height of Entrance to Diameter 
of Cyclone, Ratio of Diameter of Exit Cylinder to Diameter of Cyclone, 

Rcu^'*’ Ratio of Diameter of Dust Exit to Diameter of Cyclone, Rddc'"'’- 

6. Compute the Dimension of Cyclone Chamber. Use Equation Block 5-037. 

7. Input: Particle Size, Weight Fraction. 

8. Compute Efficiency of Cyclone Chamber, Head Loss and Break Horse Power 
Required. Use Equation Block 5-038. 

9. Display Gas Flow Rate, Dimensions of Cyclone, Number of Turns, Cut Size 
Particle Diameter, Efficiency and Break Horse Power Required. 

DEFAULT VALUES 

Pg = 1 .84 X 1 0'^ kg/m-s, Wg,'"'’ = 0.3 m, Vg,'"’" = 1 5 m/s, dey'^’’ = 1 .2 m, pni'''’ = 0.75. 

RANGE 

Wg.^P = 0.25-0.40 m, Vgi'^P = 12-18 m/s, dcy"P = 1.0-1. 5 m, = 0.75-0.90. 


EQUATION BLOCK 5-036 

1. Find out the value of from the expression Vgi'^P = 76.59375 - 40.3203 x 
+ 8.99854 X (NJP)^ 

2. dcs'"'' = [(9 X pg X Wgicp)/(2K x Niu'^^ x Vg.'^P x (ps - pg))] 

UNITS 

dcs"’’, m; 


1. 

Lcy^''’ - Rlcd^” X d.y*^'’ 

EQUATION BLOCK 5-037 

2. 

W = R.oc/'’ X 


3. 

HC'P = Rhd*-'’ X dey'-P 


4. 

decy'^P = Red^P X dcy‘=P 


5. 

cide^P = Rdd‘^Pxdcy^P 





UNITS 


6. Hge‘='’ = R8/'’xde/'’ 

7. H'-’'’ = 

^P, m; Lcn'^P, m; H^'^p, m; decy'^P, m; dje'^P, m; Hge'^P, m; H=p, m; 


EQUATION BLOCK 5-038 

1. dp,‘^P = dp,=P + dp„‘=P/2 

2. n."’ = 107.8513 - 68.86072/dpi"P + 12.441 86/(dp,"P)^ 

3. VP = Eti.'^p 

4. Vhh"’’ = 0.003 X pg X (Vg,"P)^ 

5. H.-^P = 1 3 X [(Wg.'^P X He'=P)/(docy‘^P)'] X Vhh^P 

6. P.'^P = Qg X Vhh'^P 

7. P^'^P = P.'^P/Tl^^P. 

UNITS 

dpi^'P, mm; Vhh‘'P, m; H|‘'p, m; P.'p, KW; 


iii) Design of Electrostatic Precipitator 

1. Input; Gas Flow Rate, Qg; Precipitation Rate, Rpp“P; Inlet Dust Loading, Ldi“P, 
Plate Spacing, ypi®'P; Plate Height, Hpi“P; Ratio of Length to Height of Plate, 
RiKp^^"^; Gas Temperature, Tg®®P; Tube Diameter, d“P; Length of Tube, Ltu^P; Bulk 
Gas Velocity, Vbg^^P. 

2. Compute Surface Area Required, Number of Bus Sections, Resistivity and 
Dimension of Electrostatic Precipitator. Use Equation Block 5-039. 

3. Display Dimension of the Electrostatic Precipitator(Length, Height, Number of 
Bus Sections), Resistivity, Gas Flow Rate, Migration Velocity, Removal 
Efficiency. 

DEFAULT VALUES 

Rpp“P= 0. 10 m/s, yp,“P = 0.25 m, Hp,“P = 10 m, Rmp^” = 1.0, Tg^^P = 60° C, dt'^^P = 0.3 
m, Lt “P = 3.0 m, Vbg^^P = 1.2 m/s.y/^ = 0.20-0.30 m, Hp,“P = 3.5-15.-0 m, Rihp^" = 
1 .0-2.0, di'-'-'P - 0. 1 5-0.3O m, Lu“p 2.0-5.0 m. Vbg'^'P = 0.6-2.4 m/s. 






RANGE 


Rpp'®'’= 0.03-0.20 m/s, ypi^'P = 0.20-0.30 m, 1 fpi"” = 3.5-1 5.0 m, Rii,p'="'’ = 1 .0-2.0, = 

0.15-0.3O m, Ltu'®’’ = 2.0-5. 0 m, Vbg®®’’ = 0. 6-2.4 m/s. 


EQUATION BLOCK 5-039 


1. Ti''P = [(Ldi"'’P-Ldo“'’)/Ldi"^'’] 

2. (j) = -loge(l-Ti®''P) 

If ESP is Plate Type 

3. = [(() X Qg'^P/Rpp'*”] 

4. Npi'^P = Int[Qg /(Vbg“P X H“P x yp,“P)] 

5. Lpse'^P = [A=’P /(2 X Npi'^P X H“P x yp,“P)] 

6. Lo‘'P = Nbus"^'^xLp3e“P 

7. W'"P = (l+NprP)xyprP 

8. hrt“P = Lo“P/vbg'=®P 
If the ESP is Cylindrical 

9. = (|) X Qg'‘'P/Rpp“P 

10. Ncy“P = [A®*P/(7r X dcy“P X Hcy^®”)] 

1 1 • Vbg'*” = [(Qg"” X 4)/(Ncy'^P X 71 X (dcy“P)')] 

12.hrt«P = H'^/vbg“P 

UNITS 


A“P, Lpse“'’, m; Lo'^p, m; W®®p, m; hrt“P, s; Yfog'^P, m/s; H“p, m; 


5.2.2 Gaseous Pollutant Removal 
(i) Packed Bed Tower 

1. Input: Gas Flow Rate, Qg; Gas Density, pg®'’; Liquid Density, pi®’’; Nominal 
Packing Size, Sp®’’; Liquid Viscosity, pi®’’; Removal Efficiency, r; Fraction of 
Pollutant in the Gas Stream, Fv®'’; Temperature, Ta; Gas Diffusivity, Dgg®’’; Packing 
Constants a, p, y; Liquid Diffusivity, Di®’’; Pressure Drop Constant mi; Pressure 
Drop Constant n; Slope of The Equilibrium Line. 





2. Compute Packing Factor, Superficial Mass Gas Velocity and Tower Diameter. 
Use Equation Block 5-040. 

3. Compute Number of Transfer Units, Height of Packed Tower, Tower Pressure 
Drop. Use Equation Block 5-041. 

4. Display Gas Flow Rate, Liquid Flow Rate, Removal Efficiency, Fraction of 
Pollutant in (he Gas Stream, Temperature, Diameter of Packed Bed Tower, 
Number of Transfer Units, Total Height of Tower and Tower Pressure Drop. 

DEFAULT VALUES 

Pg“‘’ =1.185 kg/m\ pi^*^ =1000 kg/m\ Sp*'*’ = 1 in, = 9.239 x 10'^ kg/m-s, pg‘‘'’ = 
1.84 X 10'^ kg/m-s, Fv^*’ = 0.10, = 0.95, r = 25° C, dg^*’ = 0.236 cm Vs, a = 7.0, p = 

0.39, y = 0.58(Rasching Ring), d]"'*' = 1.50, ml = 32.10, n = 0.00434, m = 0.75. 

DEFAULT VALUES 

Sp^'’ = 1 in, = 9.239 x lO'" kg/m-s, Fv"" = 0.10, = 0.95, T = 25° C, dg^” = 0.236 

cmVs, a = 7.0, p = 0.39, y = 0.58(Rasching Ring), dj^*’ = 1.50, ml = 32.10, n = 
0.00434, m =0.75. 


EQUATION BLOCK 5-040 

1. Gi = 7956 X pg“° X Qg 

2. Gmi = Gi/Mg 

3. Ln,i = Gmi X 0.75/0.70 

4. Li = Lpii X M] 

5. Qgo*‘’ = Gm,x(l-Fpg'‘'’x-n“'^)xMg 

6. Qio“‘’ = L„M + (G.„,-Qgo“°) 

7. K„p = (L|/Q,.“'>)x(p“/p,“Y = 

». Kbo.u,., - (Qto""/Ui) X (iV'Vpi"")'” 

9. For Maximum Value of Ktop and Kboitom (K = Maximum of K,op and Kbonom) 
R ^ ^ [(G^ X X (ii,“°)° V/(gc X pg^” X p,“'’)l 
= 0.296051 - 2.63489 x K + 7.98535 x - 7.95508 x K^(0.01<K<0.1) 
= -0.109408 + 2.15748 x 10‘VK (0.1<K<1.0) 

= 0.5292091 + 1.33021 x I O'^ /K- 5.48671 x lO'^/K^ (1.0<K<10) 




10. G = [(R X 32.2 X Pi®*’ X Pg®’’)/(fp®'’ 

X (pi®”)®-")]®-" 

p* = pi®** X (0.3)V0.452 


Pg"^ - Pg®’’ X (0.3)^70.452 


1 1 . Acs^*’ = [Li®'’/(0.60 X G X 3600)] 


12. d®*’ = 0.30 X [Acs®” X 4/rc]®-^ 



UNITS 

Gi, Ib/h; Gmi, Ib-moles/h; Li, Ib/h; Lmi, Ib-moles/h; G, Ib/s-ft^; Acs®”, d®”, m; 


EQUATION BLOCK 5-041 

1 . Yi = [(Fpg^*^ X G„,^'’)/((l - Fpg'^'’) X 

2. Xi = [(Tl“‘’xFpg‘“’xGn„"'’)/Lri] 

3. Y2 = [((1 - X Fpg^” X G„,*‘’)/((l - Fpg^'O X G™,^’^)] 

4. X2 = 0 

5. Ntu^*’ = loge[((Yi - mX2)/(Y2 - inX2)) x (1 - l/(Ln„/mGn^)) x l/(I^,/mG„.)]/(l - 
l/(Lmj/mGml)) 

6. Ugt‘“’ = a X [(G,/Acs‘“’)P/(L,/A,s*V] x [lag^'/Cpg^* x Dgg"^)]®-^ 

7. Uit^*’ = <t> X [Li/(Acs^’’ X m®'’)]’’ X [m*'’/(pi*'’ X Dll®*’)]® ^ central LlBRARjf 

8. Uog®'’ = Ugt®'’ + mxGnjxUi,®'’/L„., • • T.. y^niPun ^ 

9. H®*’ = Ntu"'’xUog**’x0.3 teJfeA |257?S 

10. pdt"*’ = mi X 10-* X V^p Acs)) ^ (G,/A^ab^ X 1/pg®*’ X H®*- 

UNITS 

Ugt®'^, ft; Uit®*’, ft; Uog"^ ft; H®\ m; pdt’*, Ib/ft"; 


(ii) Design of Tray Towers 

1. Input: Gas Flow Rate, Qg®*’; Solvent Flow Rate, Q®**; Removal Efficiency, ti®*’. 
Fraction of Pollutant in the Gas Stream, Fpg®*’; Slope of the Equilibrium Line, m; 
Tray Spacing Constant k. Liquid Density, pi®**. Gas Density,Pg®*’. 

2. Compute Number of Theoretical Plates, Tower Diameter, Height. Use Equation 


Block 5-042. 




3. Display Liquid Flow Rate, Gas Flow Rate, Removal Efficiency, Fraction of 
Pollutant Gas in the Gas Stream, Tower Diameter, Niunber of Plates, Tower 
Height, Size of Bubble Caps, Spacing of Bubble Caps. 

DEFAULT VALUES 

= 0.95, Fpg®’’ = 0.1, m = 0.75, k = 0.17, pi®** = 1000 kg/m^, pg^’’ = 1.185 kg/m^. 


EQUATION BLOCK 5-042 

1 . Gl = [Qg X 3600 X Pg*'’/0.452] 

2. Ll = [Qi X 3600 X p,“V0.452] 

3. Gml “ Gl/Mj 

4. Lml ~ Ll/M] 

5. Y, = [Fpg'‘V(l-Fpg^’=)] 

6. X, = [Tl^'’xFpg^xGML/LML] 

7. Y2 = [((l-Ti^‘’)xFp/V(l-Fp/’’)] 

8. X2 = 0 

9. Pg = [pg X (0.3)^/0.4521 

10. Pl = [pi X (0.3)V0.452] 

1 1 . Vsig*** = k X [(pL - Pg)/Pg]° ^ 

12. A=s*’’ = Qg/(Vs,g*'’x0.3) 

13. d*'’ = [4xAps‘‘'’/7t]‘'^ 

14. X = m X Gml/Lml 

15. Np,‘“’ = logp[(l - X) X ((Y, - mX2)/(Y2 - 10X2)) x X]/logeX 

16. H*'’ = Np,"” X 1/0.75 X y,r*^ x 0.3 

Where yp.**" = 12 x 0.0254 Ifd*^<2.5ft 


= 18x0.0254 
= 24 x 0.0254 
= 36 X 0.0254 


17. Sbb*^ = 


3 X 2.54 
4x2.54 
6x2.54 


Ifd*^<2.5ft 
If2.5<d*<4.0ft 
4.0 <d’* <24 ft 
d*^>24ft 
If d*^ <5.0 ft 


18. y„p“’ = 0.2 xSbb* 


5.0<d*^<16.0ft 
d*^ > 16.0 ft 


UNITS 


Vsig* it/s, Ll, Ib/hr; Gl, Ib/hr; Lml, Ib-moles/hr, Gml, Ib-moles/hr; Acs®'’, d*”, m; 

H***, m; ytr®**, m; Sbb®'*, m; ycap**, cm; 



(iii) Design of Fixed Bed Adsorption Tower 

1. Input: Gas Flow Rate, Temperature, Ta; Removal Efficiency, r); Bulk 

Density of the Adsorbent Bed, pa/^'; Adsorption Capacity of Adsorbent, Cu/‘'; 
Concentration ol Follulant Specie, Cy"'; Density of Pollutant, p,,"*'; Superficial 
Velocity, 

2. Compute Amount of Adsorbent Required, Cross-sectional Area, Diameter and 
Height of Column. Use Equation Block 5-043. 

3. Display Gas Flow Rate, Temperature, Removal Efficiency, Bulk Density of 
Adsorbent, Adsorption Capacity, Concentration of Pollutant at Inlet, 
Concentration of Pollutant at Outlet, Superficial Velocity, Amount of Adsorbent 
Required, Diameter of Column, Height of Column. 

DEFAULT VALUES 

T) = 0.99, Name of the Adsorbent = Activated Carbon, = 600 kg/m^, Cp^'* = 2000 

ppm, Cad“‘* = 28 kg Pollulant/100 kg Carbon, Vjup^*^ = 0.5 m/s 


EQUATION BLOCK 5-043 


1. 

Qu/' 

= Qg“^ X 3600 

2. 

Qap“' 

= Cp'^' X Qag'^' 

3. 


= Qap“'*xMp“^'x 10'V24.5 

4. 

Mpp“^ 

= T) X Qmp''' X td^'^' 

5. 

Rad“‘' 

= Mpp“‘*/Caa=“‘ 

6. 


Rad^'/Pad^' 

7. 

A 

^cs 

= O “‘‘/v 

Vg /^sup 

8. 

d'-'^' = 

[Acs^*^ X 4/7T]'^^ 

9. 


V/Acs‘“' 


UNITS 


Qa/^ m'/h; Q^p“^ kg/h; Mpp'^', kg; Rad^^ kg/d; V‘'‘', m'; m'; 6““, m; m; 


(iv) Design of Thermal Incinerators 

1. Input: Gas Flow Rate, Qg; Inlet Temperature, Tj/; Combustion Temperature, Tc'; 
Enthalpy of Pollutant Gas at Inlet Temperature, Epj'; Enthalpy of Pollutant Gas at 




Combustion Temperature, Hp,;'; Available Heat from Fuel Gas at Combustion 
Temperature, Length to Diameter Ratio, Ru'; Density of Pollutant Gas, pg'; 
Throat Velocity, v,i,'; Combustion Chamber Velocity, Vcci,'- 

2. Compute Heat Requirement, Volume of Fuel Gas Required, Length and Diameter 
of the Combustion Chamber. Use Equation Block 5-044. 

3. Display Polluted Gas Mow Rale, Inlet d'cmpcratiirc. Combustion Temperature, 
Fuel Gas Flow Rate, Diameter of Combustion Chamber, Height of Combustion 
Chamber, Residence Time. 

DF.FAUl/r VALUES 

Tu‘ = 30V, T;;t‘ = 650^C, R|d‘ = 2.0, pg' = 1.185 kg/m\ Vih‘ = 6.0 m/s, Vcch' = 3.5 m/s. 




EQUATION BLOCK 5-044 

1. 

Mgc Qg X pg 


2. 

Hr' = Mgc'x(Epc' 

-V) 

3. 

Hri' = 0.1 xH/ 


4. 

n„'-H„' + ii.' 


5. 

Q,g' = HtVHge' 


6. 

Qigc' = [(Qrg'x 11 

.45 X (Tci' + 273))/(T„' +273)] 

7. 

Qgc' = [(Qg'x(Te, 

+273))/(Tii'' + 273)] 

8. 

Qtg ~ Qfgc Qgc 


9. 

Ath ~ Qtg*/vth’ 


10. 

Acch ~Qtg/''^CCh 


11. 

dth* — [Ath* X 4 / 71 ] 

12. 

dcch' = [Acch'x4/7C]"' 

13. 

Lech Rid X dcch 


14. 

hrt' = [7t X (dcch')“ 

X Lcch'/Qtg'] 



UNITS 

Mg 

kg/s; H/, J/s; H 

, 1 ', J/s; 11, A J/s; Q,g', nvVs; Qtg', m^/s; Acch', ni^; dcch', m; Lcch', m; 

hrt' 

, s; A,„', m^; d,i,', m; 




Design Methodologies — II: 

Water Treatment 


In this chapter, design algorithms of various units designed for safe drinking 
water supply have been given. It has been tried to refer manuals only for formulating 
the algorithms. But in absence of manual recommended approach for options quite 
frequent in use, various text book and journals have been consulted. Fair et al (1968), 
Weber (1972), Degremont (1973), Yao (1973), Dhabadgaonkar and Bhole (1974), 
Tikhe (1976), Dhabadgaonkar (1977), Patwardhan (1977), Dhabadgaonkar and Ingle 
(1977), Hudson (1981), Eshwar and Tare (1981), Culp et al. (1986), Bhole et al. 
(1987), Peavy et al. (1987) are some of the text books and journals consulted for 
formulating the design approach for various units. 

6.1 Design of Diffused Aeration System 

1. Input: Average Flow, Qa) Ambient Temperature, Ta; Molar Gas Constant, R; 
Absolute Outlet Pressure at Compressor j Poc j Hydraulic Retention Time, hrt‘’®; 
Diameter of Nozzle, dn'*”; Spacing of Nozzles, yn*^"; Diameter of Pipe, dip**®; 
Spacing of Pipes, yp^®; Length to Height Ratio, Rih**®; Width to Height Ratio, Rwh**®; 
Air Requiredyplow, Aa**®, Power Required/Flow, Ppf. 

2. PutN"®=l. 

3. Compute Tank Parameters(Volume, Length, Width and Height). Use Equation 
Block 6-001. 

4. IfW''®> 9.0 m, Put N‘'® = N‘'®+1. 

5. Compute Diffuser Parameters(Number of Pipes, Actual Pipe Spacing, 
Nozzles/Pipe, Number of Nozzles and Nozzle Spacing). Use Equation Block 6- 


002 . 





6 . Compute Compressor Parameters, Air P'low, Air Delivery Pressure and Power 
Requirement. Use liquation Block 6-003. 

7. Display Flow, Tank Parameters, Diffuser Parameters and Compressor Parameters. 

DEFAUI/r VALUES 

dn‘^“ = 10 mm, yn^" = 1 .0 m, d,p^=‘ = 0.1 m, yp‘'" = 1.0 m, R,h^“ = 3.0, Rwh^'^ = 1 -5, hrt^" = 
20 min, R - 8.3 1 4 .I/mole-K, A,‘'" - 0.25 m VmVh, Ppf'" - 1 0 w/mVh 

RANGE 

dn‘^“ = 6-20 mm, y,.‘'“ = 0.8-1.5 m, d,p^“ = 0.1-0.2 m, yp'^" = 0.8-1.5 m, Rih'^" = 2.0-4.0, 
= 1. 0-2.0, hrt‘^“ = 10-30 min, Aa/-^** = 0.06-1.0 mVm^/h, Ppf = 3 - 13 w/mVh. 
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6.2 Design of Cascade Aeration System 

1 . Input: Average Flow, Q^; Area per Unit Flo\v,Aaf‘'; Diameter of Inlet Pipe, d,p‘-'; 
Height of Structure, IP; Height of Steps, H/. 

2. Compute Area of Cascade, Diameter of Cascade, Number of Steps and the 
Diameter of Cascade at Various Stages. Use Equation Block 6-004. 

3. Display Design Flow, Area per Unit Flow, Diameter of Cascade at Bottom, 
Diameter of Cascade at Various Steps, Diameter of Inlet Pipe, Number of Steps 
and Rise of Each Step. 

DEFAULT VALUES 

Aa/ = 0.03 mVm^/li, d,p" = 0.6 m, H^^ = 1 .2 m, H/ = 0.3 m. 

RANGE 

Aa/ = 0.015-0.045 mW/h, d.p'" = 0.3-0.75 m, H" = 1. 2-3.0 m, = 0.3-0.4 m. 


EQUATION BLOCK 6-004 

1. A*^ = Aai‘= X Qa/24 

2. d" = [4x AVtt]'^^ 

3. Ns'^ = IntClC/H,.*-') 

4. 0‘-‘ = L(d‘-'-d,p‘^)/(2xlC)] 

5. dci*-’ = - 2 X i x HaVO" 


A'^, m^; d^, m; 


UNITS 


6.3 Design of Spray Type Aerators 

1 . Input: Average Flow, Qa; Coefficient of Discharge, cd; Head at Nozzle, Hn^^; 
Diameter of Nozzle, dn“; Coefficient of Velocity, Cy; Wind Velocity, Vw”; Spacing 
of Pipes, yp'^; Area/Flow, Aa Angle from Horizontal, 0“^ 

2. Compute Number of Nozzles and their Distribution, Width and Length of 
Aeration Chamber. Use Equation Block 6-005. 

3. Display Design Flow, Pressure Head at Nozzle, Number of Nozzles, Diameter of 
Nozzle, Minimum Spacing between Pipes, Length and Width of Chamber, 
Spacing of Nozzles along Length and Width. 
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DEFAULT VALUES 

7 m, dn^“ = 20 mm, cd = 0.61, Cv = 0.9, = 8 km/h, = 0.06 nV/mVh, O^^'* - 

88 ". 

RANGE 

H,“= 2-9 m, d,“ = 10-40 mm, “ = 8-12 km/h, Aai“ = 0.03-0.09 m^/mVh, = 85- 
88 ®. 


EQUATION BLOCK 6-005 

1. V,/‘* = Cv X [2 XgX 

2. Q„"“ = cd X K X (d,“/1000)^ x x [2 x g x Hn'"]’^V4 

3. te^=* = 2 X Cv X [2 X /g]"- x sin0^“ 

4. = [Qa /(86400 x Q„^“)] 

5. R/^ = v,r X cosG^^ X 

6. Dj" = cd X v/'* X te'"' X 1000/3600 

7. y„„/“ = R/“ -t- 

8. A"‘'=[Qa/(Aarx24)J 

9. Weh^^ = 2xy,;“ 

10. Le,r = A^VWe,;“ 

IfLcf <2xy,/“ Le,.^“ = 2xy„,p^ 

11. N„r = [Nn"‘/2(Lc,r + Wc,n] 

12. Nnw" = Int(Wch^'^xN„,^‘‘) 

13. N„“ = Int(Lc,rxN.,r) 

14. y„w" = Weh^^/N„,^=‘ 




15.ynr = WW“ 


UNITS 


v/-\ ni/s; t/“, s; R/", ni; D,/", m; A*", Wd^, m; m; ynw"“, m; yj\ m, 
Qn^“, mVsec 
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6.4 Design of Tube Settlers 

1. Input: Average Flow, Q,; Shape Factor, Sf" Slant Length of Tube, Ltu'"; Angle 
of Inclination, 0'-^ Loss of Water in Desludging, Diameter of Tube, di‘"; Side of 
Tube, S,’’’; Thickness of 'I'libc, dV’; Surface OverOow Rate, sor. 

2. Compute Flow Velocity Through Tubes, Tube Entrance Area, Number of 
lubes, Length of Tube Module, Width and Flcight of Tube Module. Use Equation 
Block 6-006. 

3. Display Flow, Shape Factor, Shape of Tube Settler, Angle of Inclination, Side 
or Diameter of Each Tube, Thickness of Tubes, Number of Tubes, Length, Width and 
Depth of Tube Module. 

DEFAULT VALUES 

Sr‘^- 1 1/8, S/^ = 50 mm, = 60", lws‘^ = 2%, = 1.5 mm, Ls^ = 1 m, u, = 1.01 x lO’'^ 

m^/s. 

RANGE 

S/-'’ = 50- 1 00 mm. O'” - 5-60^ T/” =-■ 1 .5-5.0 mm, L,'” = 1 - 1 .5 m, vj, = 1 .0 1 x 1 0’'^ m^/s. 


EQUATION BLOCK 6-006 

1. L,,"' = Ls"'x 1000/S,'” or dt*" 

2. K = 0.058 X Si‘” or d,'V(ui x 86400) 

3. v/” = [(sor X (sinO'” + Ui'” x cosO'^^/CSf'” + sor x K x cosO'”)] 

4. Qd‘' = [(QaXl00)/(100-lws'^)] 

5. A‘” = Qd‘V(86400 x Vf‘”) 

6. N'”- A'^x lO'^/A,'” 

7. N,.'” = N'VNc'” 

8. L'^ = x (S,‘” or d,'” + 2 x T,'”) x 1 0'^ 

9. W„„'” = Nc‘” X (S,'” or d,'” + 2 x T,'”) x 1 0'^ 

10. H'” = L'” X sinO"' 

UNITS 

V,'”, m/s; Qd'”, m-'/d; A‘”, m*; Lt,,,'”, m; W„„'”, m; ll*”, m; 
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6.5 Design of Plate Settlers 

1. Input: Average Flow, Q^; Surface Overflow Rate, sor'’^; Kinematic Viscosity, ui; 
Shape Factor, Si^^; Flow Velocity Through Plates, Vi^^; Width of Tank, W^’’; Spacing 
Between Plates, ypi'’"’; Plate Thickness, Tpi‘’“; Inclination from Horizontal, 0’’^; Free 
Board, iV’^ Sludge Zone Depth, D,s/^; Flow Distribution Zone, Dti/’’; Temperature, 
Ta. 

2. Compute Relative Length of Tubes, Transition Relative Length, Plate 
Parameters (Length and Number) and Tank Parameters(Length, Width and Depth). - 
Use Equation Block 6-007. 

3. Display Design Flow, Length, Width and Depth of Tank, Number of Plates, 
Length and Width of Plate and Inclination from Horizontal. 

DEFAULT VALUES 

sor”* = 30 mVmVd, = 1.0, v,^^ = 0.005 m/s, W”^ = 3.0 m, ypi^^ = 0.05 m, Tpi”^ = 
0.005 m, 0'’^ = 45°. 

RANGE 

soi-P^ = 30-45 nrVm^/d, v^ = 0.004-0.006 m/s, W^^^ = 3.0-10.0 m, ypi”^ = 0.05-0.10 m, 
Tpi’’’* = 0.005-0.010 m, 0”“ = 5-60° 


EQUATION BLOCK 6-007 

1 X Si^® - sor^' X sin0'’')/(sorP“ x cosOP')] 

2. L/“ = 0.058 X Vf^Woi 

3. Lp,P^ = 2 X Ur X ypi'^^ (If Lt >= I-'”') 

4. Lp,'’^ = (Lh'’^ + Un X yp^ (If < Lri^O 

5. Wp,'’^ = W'’^ 

6. Ap,P^ = Qa/(86400 x vH 

7. Npr = Apr/(ypt'’'^xW'’=) 

8. L”^' = [Np.^^ X (yp^ + Tp,'’0] + 4.°^ x cosO'’^ 

9. H”^ = Lp,P^ X cosO”'' + Fb^^ + + D^.r 

UNITS 

L,r, m; Wp,P^ m; m; m; H'^ m; Ap,’’^ m^ 
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6.6 Design of Rectangular Clarifier 

1. Input; Average Flow, Q,; Tempcralurc, Taj Size of Particles to be Removed, 
Height of Tank, FT"; Length to Width Ratio, R,w'"; Removal Efficiency, rj'''; 
Specific Gravity of Particles, G^; Performance Factor, P/‘'; Kinematic Viscosity, 
u,; Weir Loading Rate, Spacing of Notches, ynh''; Width of Effluent Launder, 

We,^^ 

2. Put N" = 1 

3. Compute Tank Parameters(Length, Width & Depth). Use Equation Block 6-008. 

4. If Length > 90 m, = N'^+l 
Enter The Type of Influent Structure - 

a) Diffuser Wall with Slots or Perforated Baffles. Go to 5. 

b) Influent Channel with Submerged Orfice in the Inside Channel Wall. Go to 

6 . 

c) Influent Channel with Bottom Opening. Go to 7. 

d) Overllow Weir Followed by a Baffle. Go to 8. 

5a Input: Spacing of Slots, Velocity in Slots, Vs"^. 

5b Compute Number of Slots and Diameter or Side of Slot. Use Equation Block 
6-009. 

6a Input: Width of Influent Channel, Number of Orfices, Dimension 
of OrficcfSidc So"" or Diameter do'^'^); In Front Distance of Baffle Wall, 

6b Compute Head Loss in the Influent Structure. Use Equation Block 6-010. 

7a Input: Width of Influent Channel, Depth of Influent Channel, Di/*^. 

7b Compute Number and Side of Openings. Use Equation Block 6-01 1 . 

8a Input: Width of Influent Channel, w,/"^; Depth of Influent Channel, D,/'. 

8b Compute Length of Channel and Head Loss Through Influent Structure. Use 
Equation Block 6-012. 

9. Compute Length of Outlet Zone and Effluent Launder Parameters. Use 
Equation Block 6-013. 

10. Display Flow, Number of Tanks, Surface Overflow Rate, Tank Parameters, 
Inlet Parameters and Outlet Parameters. 
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DEFAULT VALUES 

dp^'-' = 0.8 mm, = 3.0 m, Rk,,'" = 4.0, t) = 0.75, Gs = 1.002, P/" = 1/8, u, =1.01 x 10'^ 
m^/s, Rj'' = 200 mVd/m, y„h'’‘' = 0.2 m, Wei"^ = 0.40 m. 

RANGE 

= 0.2-2.0 mm, = 3.0-4.5 m, = 3.0-6.0, ti = 0.75-0.9, = 1/8-1.0, = 175-225 

mViPm, y,,,,"' 0.2-0 3 m. W,,"' ^ ().30-().6() m. 


EQUATION BLOCK 6-008 


1. = [g X (G, -1) X (dp/1000)V(l 8 X u,) 

2. Rc = v,;=xdp/(Oi X 1000) 

IfR,<l 

Vi["^ = as Calculated (1) 

If 1<R„<1000 

Cd = 24/Re + 3/Re +0.34 
v,r = [4/3xg/Cux(G,-l)f' 


lfRe>1000 

v,r = [3.3xg(G,-l)x(dp/1000)r 

3. sor = v„"/[(l/Pf")x((l-Ti)Y'-l)] 

4. Qa/“ = Qa/N'' 


5. A’'' = Q.,e/{86400 x sor) 

6. W‘'‘= = [A^7R,wn“' 

7. = R„v^‘= X 

8. D = Qae’’’-' X hrt‘7(24 x A'*-) 

9. Vac" = k X [g X (Ga-1) X dp"]"'^ [k = 3.0-4.5] 

10. Daem" = Qae"/(86400 X V^e" X W") 

1 1 . I f Da,"<Da..„", Pul Dae" = Daen " 

UNITS 


Va.", m/s; sor", m/s, W", m; L", m; D", m; Vae", m/s; Dae", m; hrt, h 


EQI lATION BLOCK 6-009 

1. Na" = W"xD"/(ya")2 

2. If Slots are Circular 

d," = [(Oac" X 4 )/(Va" X Na" X tT X 86400 ) 1 ®'* 

3. If Slots are Square 

Sa" = rQac"/(Va"xNa" 86400 ) 1 ®'* 





EQUATION BLOCK 6-013 


1 . 

IfW‘'‘^>Lew'" 

Lwp = W^‘= 


Lo’’'^ = 0.2 X L’’" 

If Lcw'’‘'<4 X (Lo''" + W^*-) 

Provide Weir Plate on Both Sides of the Launder in the Outlet Zone 

Else 

N„'‘" = Lew'V(2 X Lo^‘=) 

= W7(2 X N,,''") 

2. Nn,;*-' - Lcw'Vynh"^ 

3. Y2 = [(Qae/(2 X 86400))^/((Wen^ X g)]'^^ 

4. Y, = [Y2" + 2 X ((Qa;786400) x N)V(g x x Yz)]'^ 

5. Hnh'" = [Qae'' X 15/(8 x cd X (Igf^ X 86400)]^^' 
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7. dcp"^ - [(Qae'^‘' X 4)/(Vt;p'^‘' X TT X 86400)] 

UNITS 

Lew'", m; Yj, m; Lo‘", m; Hnh'", m; Dnh'''\ m; dep'^ m; 


6.7 Design of Circular Radial Flow Settling Tank 

1. Input: Average Flow, Q^; % Water Lost in Desludging, Pwd"'"; Particle Size to be 
Removed, dp Specific Gravity, Gs; Kinematic Viscosity, Ui;mVs, Efficiency, p; 
Performance Factor, P,-; Height of Tank, H"""; Weir Loading Rate, Rw"^'"; Spacing 
of Ports, ypi*^'*^; Velocity Through Port, Vpi'^'"'^. 

2. Put N"'*'’ = 1 

3. Compute Tank Parameters. Use Equation Block 6-014. 

4. If Diameter of Clarifier exceeds 60 m , Put +1 

5. Compute Inlet and Outlet Parameters. Use Equation Block 6-015. 

6. Display Flow Rate, Number of Tank, Tank Parameters(Depth and Diameter), Inlet 
Parameters, Effluent Launder Parameters and Diameter of Effluent Pipe. 

DKI AULT VAI.UES 

Pwd"'" = 2%, dp‘='" = 0.8 mm, Gs = 1.002, ri=0.75, ui = 1.01 x 10'^ mVs, Pf= 0.125, 

= 3.0 m, Rw"'" = 200 mVd/m, ypt'^'^'^ = 0.5 m, Vpt*^'''^ = 0.3 m/s. 

RANGE 

dp‘^"= = 0.2-2.0 mm, ri=0.75-0.90, P,- = 0.125-1.0, = 3.0-4.5 m, Rw"‘" = 175-225 

m^/d/m, yp[‘^^‘^ = 0.2-0. 6 m, Vpt‘^'^‘^ = 0. 3-0.6 m/s. 


EQUATION BLOCK 6-014 

1 • Qd"'" = [(Qa X 1 00)/(l 00 - Pwd"'")] 

2. Qae"'" = Qd"W" 

3. Vs r = g X (Gs -1 ) X (dp/1 000)^ /(1 8 x u,) 

4. Rc = Vsi"''-'xdp/(1000xui) 

IfRe< 1 

Vsi"'" = as Calculated in (3) 

Ifl<Rc< 1000 

Cd = 24/Rc + 3/Re + 0.34 
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6.8 

1 . 


2 . 

3. 


Design of Circumferential Flow Circular Ciarifler 

Input: Average Flow, Q.; Surface Overflow Rate. sor“; Weir Loading. R„- 

Vclocty in Ports, Height of Tank. H“; Ratio of Width of Emuli 
launder to Diameter of Tank, Free Board, 

PutN‘=‘^=l- 

Compute Flow Rate in Bach Clarifier, Diameter, Height of Port Opening, 
Blfluent Launder Parameters (Width and Depth), Diameter of Influent Pipe 
and Weir Loading. Use liquation Block 6-016. 
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4. If Weir Loading Rate > Maximum Weir Loading Rate then Put N'^"= N'^"+l or 
If Diameter of Clarifier > 60m then Put N"'" = N'"*' + 1. 

5. Display Average Flow, Number of Clarifiers, Clarifier Parameters, Effluent 
Launder Parameters, Height of Port Opening, Diameter of Influent Pipe. 

DEFAUl.T VALUES 

Sor'^'-' = 35 m^/nr/d, Rw,/" = 165 m^/d/m, = 0.3 m/s, = 3.0 m; Ret^‘' = 0.05, Fb'^" 

= 0.3 m 

IU.NGE 

Sor'"'^ = 30-45 m^/mVd, = 0.3-0.45 m/s, = 3.0-4.5 m; 


EQUATION BLOCK 6-016 

1. Qa" = Qa/N‘‘^ 

2. d^‘= = [(4xQa“)/(sor“xrr)]"2 

3. W,i“ = Rci'' X d“ 

4. Hpt'='= = [Qae“/(Vpt^‘= X 7t X d“ X 86400)] 

5. = Qac'V(7t X d‘='=) 

6. Y 1 = [3 X (QaC‘786400)/(2 x (g)" x (0.05 x 

7. d,p== = [4 X Qj'^/in x Vpt‘=‘^ x 86400)]*'^ 

UNITS 


Qae'^^ m'/d; d^^ m; We|‘^^ m; Hp^, m; m^/d/m"; Y,'=^ m; 6./=, m; 


6.9 Design of Inline Blender Rapid Mix Unit 

1. Input: Average Flow, Qa; Temperature, Ta; Velocity Gradient, G""; Hydraulic 
Retention Time, hrt"; Ratio of Length to Depth of Tank, Ratio of Length to 
Width of Blade, Riwb Efficiency of Motor and Drive, ritn"; Dynamic Viscosity, 
pi; Ratio of Length of Blade to Width of Tank, Rbw"; Number of Blades, Nbd"; 
Drag Coefficient, Co- 

2. Compute Tank Parameters(Length, Width and Height), Blade Parameters(Length, 
Height and Number of Blades), Rotational Speed of Shaft and Motor Power. Use 
Equation Block 6-017. 
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3. Display Flow Rate, remperature. Velocity Gradient, Residence Time, Tank 
Parameteis, Blade Parameters, Rotational Speed of Shaft and Motor Power. 

DEFAULT VALUES 

G"' = 5000 /s, hrt" = 0.5 s, Ru,'^ - 2.0, Rm,'' - 6.0, = 0.8, Rbw" = 0.8, Nbd"" = 4.0. 


RANGE 

G" = 3000-5000 /s, hrt"' = 0.5-1.0 s, Ry'^ = 2.0-4.0, Riwb"' = 4.0-10.0, T]m‘^ = 0.75-1.0, 
Rbw" = 0.4-0.8, Nihi" =4.0-10.0. 


EQUATION BLOCK 6-017 

1. V"' = QaXhrt'’'/86400 

2. H‘^ = [V'7{Rid'0^]’‘^3 

3. L"' = R,d’'xH" 

4. W''' = L‘’' 


5. Lbd‘^ = Rbw"'x W'^ 

6. Wbd'^ = Lbd‘VR,wb" 

7. ?,"■ = 0.0016578 x (G"'f x V'^ 

8. co" = 60 X [{2 X Nbd" X Pi")/(CD x Lbd" x Wbd"' x Nbd" x 1000 x tt x (Lbd''')^)]'^^ 

9. Pn/ = P.’7ri,/ 

UNITS 


G'^ /s; V'^ m^; L'7 m; W'\ m; H'7 m; Lbd‘7 m; Wbd*', m; co'7 rpm; Pj7 watt. 


6.10 Design of Turbine Type Rapid Mix Unit 

1. Input: Average Flow, Qa; Temperature, Ta; Hydraulic Retention Time, hrt''; 
Velocity Gradient, G‘'; Efficiency of Motor, Tjm*'; Ratio of Diameter to Depth of 
Tank, Rdd '; Ratio of Length to Width of Blade, Riwb‘'; Number of Blades, Nbd*'; 
Ratio of Length of Stator to Diameter of Tank, Rids*'l Ratio of Length of Blade to 
Diameter of Tank., Ridb*'; 

2. Compute Tank Parameters(VoIume, Diameter & Depth), Blade 
Parameters(Lenglh, Width and Number of Blades), Rotational Speed of Shaft and 
Motor Power. Use Equation Block 6-018. 
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3. Display Mow Rate, I emperaturc, Hydraulic Retention Time, Velocity Gradient, 
Tank Paiameters, Blade Parameters, Rotational Speed of Shaft and Motor Power. 

DEFAULT VALUES 

hrt'^ = 77 s, = 700 /s, = 0.80, = 1.0, Rj^b*^ = 8.0, Nbd'^ = 6.0, R,ds’^ =0.1, 

Ridb'^ = 0.4. 


RANGE 

hrt'^ = 50-100 s, G" = 600-1000 /s, = 0.75-1.0, Rdd‘' = 1.0-1.5, Riwb'" = 6.0-10.0, 

Nbd‘^ = 4.0-1 0.0, Rids''' = 0. 1-0.2, Ridb'"' = 0.2-0.4. 


EQUATION BLOCK 6-018 

1. = Qa X hrt‘786400 

2. d'^ = [4x V'^xRdd“'/7t]'^^ 

3. D‘^ = d'7Rdd‘^ 

4. P,‘" = 0.0016578 x (G'f x ¥“■ 

5. Ls/ = Rids"" X 

6. I.bd" = Run." X cf 

7. Wbd" = Lbd"yRiwb"' 

8. co"' = 60 X [(2 X P/')/(Cd x Lbd"' x Wbd" x Nbd*" x 1000 x rr x (Lbd")^)]'^^ 

9. Pm‘^ = P/7Ti„,‘'- 

UNITS 

V‘'’, m^; D‘7 m; d‘7 m; Lbd"^, m; Wbd‘7 na; co‘7 rpm; Pi‘7 watt; Pm"^, watt; 


6.1 1 Design of Vertical Baffled Rapid Mix Unit 

1. Input; Average Flow, Qa; Hydraulic Retention Time, hrt''7 Ratio of Length to 
Width of Tank, Riw'"'; Ratio of Width to Height of Tank, Rwh'^; Velocity in 
Channels, 

2. Compute Tank Parameters(Length, Width and Height), Channel Width. Use 
Equation Block 6-019. 

3. Compute Chjumcl I»:iramclcrs{I.ciig(Ii, Widlli aiui Number), Leiiglli of Bafilc, 
Velocity in Channels, Velocity in Slots. Use Equation Block 6-020. 





4. Compute Head Loss in Tank, Water Head Over Outlet Baffle, Velocity Gradient. 
Use Equation Block 6-021. 

5. Display Flow Rate, Tank Parameters, Baffle Parameters, Channel Parameters, 
Head Loss in Tank, Head Over Outlet Weir, Velocity Gradient. 

DEFAUI.T VALUES 

hrt'” = 20 s, R|w'‘ = 5.0, Rwh'^' == 1 -0, Vgh'"'^ = 0.6 m/s. 

RANGE 

hrt''" = 20-30 s, Riw'"' = 3.0-8.0, Rwh"" = 1 .0-2.0, Vgh''' = 0.6-0.9 m/s. 

EQUATION BLOCK 6-019 

1. V'’’ = Qa X hrt''786400 

2. W''^ = [Rwh'"'xV'’’‘/R,w''T'' 

3. H"^ = W''^/Rwh"' 

4. = Riw'"' X W"^ 

5. Wci,''^ = Qa/(W"' X Vci/^ X 86400) 

UNITS 

V''^ m'; L''^ m; W'^', m; m; Wch^ m; 

EQUATION BLOCK 6-020 

1. Nch" = Int(L''7Wch''0 + 1 

2. Lch"'' = W''^ 

3 . Wch''" = Qa/( X Vch"'’ X 86400) 

4. Lb'^^ = (Lc,;^-Wch''72 

5. Vcir = Qa/(WcrxW''^x 86400) 

6. vs'''' = 2xvch''^ 

UNITS 

Lch'''', m; Lb'’'', m; Vch''^ rn/s; Vj'"’, m/s; 
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2. = 0.01 53 X (G''^ X N,, - x U^''^ x 1/50 

3. Hw'’' = [(3 X Qa)/(86400 x 2 x 0.61 x (2g)''^ x 

UNITS 

H,'", m; G'”', /s; H/', m; 


6.12 nesij>;ii of llonzontnl Baffled Rapid Mix Unit 

1. Input: Average Flow, Q^; Hydraulic Retention Time, hrt'”^; Ratio of Length to 
Width of Tank, Riw''"^; Ratio of Width to Height of Tank, Rwh*”^; Velocity in 
Channels, Vch'”^. 

2. Compute Tank Parameters(Length, Width and Height), Channel Width. Use 
Equation Block 6-022. 

3. Compute Channel Parameters(Length, Width and Number), Length of Baffle, 
Velocity in Channels and Velocity in Slots. Use Equation Block 6-023. 

4. Compute Head Loss in Tank, Water Head Over Outlet Baffle and Velocity 
Gradient. Use Equation Block 6-024. 

5. Display Flow Rate, Tank Parameters, Baffle Parameters, Channel Parameters, 
Head Loss in Tank, Plead Over Outlet Weir, Velocity Gradient. 

DEFAULT VALUES 

hit'’^ = 20 s, Riw'’^ = 5.0, Rwh'^' = 1.0, Vch'’^ = 0.6 m/s. 

RANGE 

hrt^^ = 20-30 s, Riw'^' = 3.0-8.0, Rwh*'' = 1. 0-2.0, Vch’’^ = 0.6-0.9 m/s. 


EQUATION BLOCK 6-022 

6. V’’" = Qa x hrt''786400 

7. W'’^ = [Rwb'’^xV‘’7R,w'’'']’'^ 

8. H''^ = W'’''/Rwh*’' 

9. L'’^ = R,w‘’''xW''’' 

UNITS 

V'’^ m^ L^-", m; W''’’, m; H*'^ m; Wch^ m; 
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EQUAfioNlIl OCK 6-023 

7. Nch'" = ]nl(L'VWch'") + 1 

8. Lch^^ = W'’‘' 

9 . Wch'" = Qa/(W'" X Vch':' X 86400 ) 

10. Lb'^ = (Lch'’^-Weh"')/2 

1 1 . vc,'”' = Qa/(Wci^ X w'” X 86400) 

12. vs'" = 2xvch'''- 

UNITS 

Lch'”', m; Lb'”', m; Vch'", m/s; Vj'”, m/s; 


EQUATION BLOCK 6-024 

4 . G'’'' = 2790 x(hrt'”)'°'^^ 

5 . H,'” = 0.01 53 x (G'”' X + Nch'” x Lch*'’' x 1/50 

6 . Hw”' = [(3 X Qa )/(86400 x 2 x 0.61 x x 

UNITS 


H^, m; G"^ /s; Hw"^ m; 


'.hr 


hr 


6.13 Design of Inline Blender Flocculator 

1. Input: Average Flow, Qa; Temperature, Ta; Alum Dose, Al'*^; Hydraulic Retention 
Time, Ratio of Length to Depth of Tank, Rm'^; Ratio of Length to Width of 
Blade, Riwb'^; Efficiency of Motor and Drive, Number of Compartments, 
Nco" ; Ratio of Length of Blade to Width of Tank, Rwh'*^; Number of Blades, Nbd’'^. 

2. Compute Optimum Velocity Gradient. Use Equation Block 6-021. 

3. Input: Velocity Gradient in Each Compartment. 

4. Compute Tank Parameters(Length, Width & Depth), Blade Parameters(Length, 
Height, Number of Blades), Rotational Speed of Shaft, Motor Power. Use 
Equation Block 6-025. 

5. Display Flow, Temperature, Optimum Velocity Gradient, Velocity Gradient in 
Each Compartment, Blade Parameters(Number, Height, Length), Tank 
Parameters, Rotational Speed of Shaft, Motor Power. 
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DEFAULT VALUES 


Al" = 20 mg/1, hrt" = 20 min, Nco'‘ = 4, R,j'' 
Nbd'^ = 4.0. 


1.0, RKvb"' = 6.0, Tin,"' = 0.8, Rbw'^ = 0.4, 


RANGE 

Al" = 15-40 mg/1, hrt“' = 20-30 min, Nco'^= 1-4, R|/= 1.0-2.0, R,J''= 4.0-10.0, ti„" = 

0.75-1.0, Rbw'‘'= 0.2-0.8, Nb/=.4.0-10.0. 


EQUATION BLOCK 6-025 

1. 0*'"= Int(44 X 10 -VaI'^x 

2. hrtco" = hrt"/Nco"’ 

3. Vc:o''‘=QaXhrlco’Vl440 

4. Dco‘'=[V.(/Rm''']"' 

5. Sco'‘'=Dco“'xR,w'‘' 

6. P,e“'= 0.0016578 x (Gc,‘y x Vco'^ 

7. Pr" = ZP,c’'‘' 

8. Pj^ = P.“/riJ^ 

9. Lbd’^=Rbw‘''xWco'^ 

10. Wbd'‘ = Lbd‘'/Riwb“" 

1 1 . co'*' = 60 X [(2 X Pm'‘)/(CD x Lbd''' X Wbd"' X Nfed"" x 1000 x 7i x (Lbd'?)]'^^ 

UNITS 

G'^, /s; hrt'', min; Vco‘‘, m^; Sco‘^; Hco", m; P/, watt; Lbd'^, m; Wbd'^, m; ©‘'it, rpm; 


6.14 Design of Paddle Type Flocculator 

1 . Input: Average Flow, Qa; Temperature, Ta; Alum Dose, AF'^; Hydraulic Retention 
Time, hrt^'^; Ratio of Length to Width of Tank, Riw***^; Ratio of Width to Depth of 
Tank, R^d’’'^; Efficiency of Motor and Drive, p/''; Number of Paddles per Shaft, 
Nps^'’; Tip Velocity of Paddle, Vj"^; Length of Shaft, Lsh’’^; Spacing of Paddles, ypd”''; 
Rotational Speed of Flocculator, Velocity Gradient, G’’'^. 
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2. Compute Tank Pai-ametcrs(Length, Width and Depth). Use Equation Block 6-026. 

3. Compute Power Requirement, Paddle Parameters. Use Equation Block 6-027. 

4. Display Mow Rate, rcmpcraturc. Velocity Gradient, Tank Parameters, Paddle 
Parameters, Shaft Parameters, Rotational Speed of Shaft, Motor Power. 


DEFAULT VALUES 

hrtP^= 30 min, Al'’‘' = 25 mg/1, 0.75, R 3.0, Rwd'’^ = 4.0, v p''= 0.4 m/s, 0^' = 

50. 


RANGE 

hrtP‘'= 15-30 min, Al^' ^ 20-30 mg/1, qni'’''= 0.75-1.0, Riw''^ = 3.0-5.0, Rwd’’*' = 4.0-6.0, 
v,'’''=0.2-0.8m/s, 0’’*'= 10-75/s. 

EQUATION BLOCK 6-026 

1. VP^ = hrtP‘'xQa/1440 

2. LP^=[(R,w'’yxRwd’’'‘xVP']''^ 

3. WP‘'=LP‘/Riw'’‘' 

4. DP^=WP7Rwd'’'’ 

5. N„>’‘ = 0.8xL''7l,/ 

UNITS 

G”*', /s; V”'", m7 L'”’ m; W'’'", m; D”'", m; 


EQUATION BLOCK 6-027 

1 . P,”^ = 0.00 1 6578 x (G'”y x 

2. Apd^'' = [2 X P.f 7(Cd x P|P'’ X (0.75 x Vi^V)] 

3 . WpjP^ = Apd'’7(NpdP‘’ X Nps”') 

4. dpd'’‘'=0.8 xDP^ 

5. = [(v/”' X 2 X 60)/(2 x 7c x dpd’'’)] 

UNITS 

P,'”', wall; Ap<i''‘', m^; dpu’’'' m; O)'”, ipm; 
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6.15 Design of Flat Blade Turbine Flocculator 

1. Input; Average Flow, Q.,; Temperature, Ta; Hydraulic Retention Time, hit"; 
Velocity Gradient, G**; Efficiency of Motor and Drive, rim*'; Ratio of Diameter to 
Depth of Tank, Rdd**; Number of Blades, Nbd*^*; Ratio of Length of Blade to 
Diameter of Tank, Ruib*^*; Ratio of Length to Width of Blade, Riwb*^*. 

2. Compute Tank Paramcters(Volumc, Diameter and Depth), Blade 
Parameters(Length, Width and Number of Blades) and Power Requirement. Use 
Equation Block 6-028. 

3. Display Flow Rate, Temperature, Hydraulic Retention Time, Velocity Gradient, 
Tank Parameters, Blade Parameters, Rotational Speed of Shaft and Motor Power. 

DEFAULT VALUES 

hrt^‘ = 1 500 s, G*"' = 50 /s, tim*^ = 0.75, Rdd'^ = 1 .0, Nbd** = 4.0, R,db** = 0.4, = 6.0 

RANGE 

hrt*^ = 1500-1800 s, G*^ =10-75 /s, = 0.75-1.0, Rdd*^ = 1.0-1.5, Nbd^‘ = 2.0-8.0, 

Ridb*^ = 0.2-0.4, R,wb^ = 4.0-10.0 


EQUATION BLOCK 6-028 

1. V*"' = Qa X hrt*'V86400 

2 . d'^ = f4x V'''xRdd%]'^^ 

3. P,‘* = 0.0016578 e'°“'^^''a x (G'V x V'' 

4. D*'' = d*'VRdd‘^ 

5. Lbd*^ = Ridb'^xd‘* 

6. Wbd** = Lbd**/Riwb'‘ 

7. Abd‘* = Lbd‘’‘xWbd** 

8 . CO*"' = 60 X [(2 X PiVCNbd*^ X Cd X Abd*^ x 1000 x ti x (Lbd*^)^)]*'^ 

9. P„/' = Pi'Vrim" 

UNITS 


ii; d'\ 


ni: 1 


ft 
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6.16 Design of Vertical Baffled Flocciilator 

1. Input: Average Flow, Q^; Temperature, Ta; Hydaulic Retention Time, hrt'''; 
Length to Width Ratio of Tank, Riw'"'; Ratio of Width to Height of Tank, Rwh''*^; 
Coagulant. 

2. Put Vch''* = 0.3 m/s. 

3. Compute Tank Parameters (Length, Width and Height). Use Equation Block 
6-029. 

4. Compute C^iannel Parameters (Width, Number and Length), Length of Baffle, 
Velocity in Channels, Velocity in Slots, Head Loss in Channels and Velocity. 
Gradient. Use Equation Block 6-030. 

5. If Coagulant = Alum then go to 5A else 5B 

5 A If G'’* X hrt''‘ < 2 x 10“* then go to 5A1 else 5A2 

5A1 Vch''‘=Vch''‘'+0.01.Goto6. 

5A2 If G''^x hrt''‘ > 6 x lO'' then go to 5 A3 else to 7. 

5 A3 Vch''* = Vch'''^- 0.01. Go to 6 

5B If G''*^ X hrt''*^ < 1 0^ go to 5B 1 else to 5B2 

5B 1 = Vci/' +0.0 1 . Go to 6. 

5B2 If G^‘ X hrC' > 1 .5 x lO'^ then go to 5B3 else to 7. 

5B3 Vci,''^ = Vch'''’-0.01.Goto6. 

6. Compute Plead Loss in Tank, Water Head Over Outlet Baffle. Use Equation 
Block 6-031. 

7. Display Average Flow, Coagulant, Tank Parameters, Baffle Parameters, 
Channel Parameters, Head Loss in Tank, Water Head Over Baffle, Velocity 
Gradient, Length of Baffle and Length of Slots. 

DEFAULT VALUES 
hrt'''"= 1000s, Riw"‘ = 5, Rwh''^= 1.0; 

RANGE 

hrt''‘'= 1000-1500 s, Riw'"'= 4-6, Rwh'''^= 1.0-2.0; 

EQUATION BLOCK 6-029 

1. V''^=QaXhlC'' 

2. W''‘'=[(Rwh''''xV'"')/Riw''V^^ 

3. H''''=W''‘/Rwh''^ 
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4. L" = V7(H'‘ X W") 
V''*; W"‘; m; L'''", m; H'*", m; 


UNITS 


EQUATION BLOCK 6-030 

1. Wch'''=[Qa/(W'''xVeh'''‘)] 

2. N,,;''’=Int(L''7Wch^')+l 

3. Lch''‘'=H''^ 

4. Lb'"'=Lc,/^-Wch''72 

5. Vc,/' = Qa/(W'"'xWch'") 

6. V3'''=2xvch'"' 

7. H.c''* = [{Nch^'x (vch'")'} + {(Nch''*'- 1) X (vs''?}] 

8. 0''^= [p X g X H|/7{(0.0016578 x hrt''^}] 

UNITS 

Wci/^, m; Lch''^, m; Hch''^, m; m; Vch''^^, m/s; Vs''7 m/s; G''7 /s 


EQUATION BLOCK 6-031 

1. H,"''=ni/+Nch'"'xLoi,''''x 1/50 

2. = [(3 X Qa)/{2 X cd X (2 X g)'^^ x . 


H,'"; m; Hb'"', m; 


UNITS 


6.17 Design of Horizontal Baffled Flocculator 

hr 

1. Input: Average Flow, Qa; Temperature, Ta; Hydaulic Retention Time, hrt ; 
Length to Width Ratio of Tank, Riw'’^; Ratio of Width to Height of Tank, Rwi,”‘; 
Coagulant. 

2. Put Vch'^' = 0.3 m/s. 

3. Compute Tank Parameters (Length, Width and Height). Use Equation Block 


6-032. 
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4. Compute Channel Parameters (Width, Number and Length), Length of Baffle, 
Velocity 111 Channels, Velocity in Slots, Head Loss in Channels and Velocity 
Gradient. Use Equation Block 6-033. 

5. If Coagulant == Alum then go to 5A else 5B 

5A If X hrt’’* < 2 X 1 O'* then go to 5 A 1 else 5A2 
5A1 = Vch*'* + 0.01 . Go to 6. 

5A2 II G'’‘ X hrt'’’ > 6 x lO** then go to 5A3 else to 7. 

5 A3 0.01. Go to 6 

5B If G'’' x hrt*” < 10^ go to 5B1 else to 5B2 

5B1 Vch'’‘-Voh'’''+O.Ol.Goto6. 

5B2 If G*’* X hrt'” >1.5x10^ then go to 5B3 else to 7. 

5B3 Vch'’^ = Vch'’‘‘- 0.01. Goto6. 

6. Compute Head Loss in Tank, Water Head Over Outlet Baffle. Use Equation 
Block 6-034. 

7. Display Average Flow, Coagulant, Tank Parameters, Baffle Parameters, 
Channel Parameters, Head Loss in Tank, Water Head Over Baffle, Velocity 
Gradient, Length of Baffle and Length of Slots. 

DEFAULT VALUES 
hrt*’^= 1000s, 5, Rwh'’‘= 1.0; 

RANGE 

hit’’*' = 1 000- 1800 s, R, = 4-6, Rwi,'’^ = 1 .0-2.0; 
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I = ~ — 

4. Lb'’''=Lch”''--Wch”‘/2 

5. Veh'’‘'=Qa/(W’'''xWeh”') 

6. V,"‘'=2xVeh'’‘' 

7. Hic”* = [{Neh^'x (Vch'V) + {(Neh''- 1) X 

8. 0"''= [p X g X Hic'' 7{(().00 16578 x hrt’’'}] 

UNITS 

Wch'^', m; Lch'’*, m; Hch'^', m; m; Vch''*, m/s; Vs^7 m/s; G'’7 /s 


EQUATION BLOCK 6-034 

1. H,''''=H|e'’''+Nch'’''xLeu"‘'x 1/50 

2. Hb^^= [(3 X Qa)/{2 X cd X (2 X g)'^^ x 

UNITS 


m; Hb'”', m; 


6.18 Design of Slow Sand Filter 

1. Input: Average Flow, Qa; Temperature, Ta; Filtration Rate, Diameter of 
Laterals, di®^; Free Board, Fb^^; Water Depth Over Filter Bed, Dw^^; Length to 
Width Ratio of Filter, R|w"‘; Effective Size of Sand, Es*7 Uniformity Coefficient of 
Sand, Us^*^; Ratio of Area of Perforation to Area of Filter, Rp/7 Ratio of Area of 
Laterals to Area of Perforations, R|p*7 Ratio of Area of Main Pipe to Area of 
Laterals, Rmi®^; Sand Depth, D/^; Gravel Depth, Dg**". 

2. Compute Total Surface Area of Filter, Number of Filters. Use Equation Block 6- 
035 

3. Compute Filter Bed Paramclcrs(Wi(lth and l.cngih), Number of Laterals, Spacing 
of Laterals, Spacing of Orfices, Diameter of Orfices, Diameter of Main Pipe, 
Height of Filter Box and Head Loss in Filter. Use Equation Block 6-036. 

4. Display Flow Rate, Filter Parameters, Lateral Parameters, Orfice Parameters, 
Diameter of Main Pipe and Head Loss in Filter. 
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DEFAULT VALUES 

= 0.10 in, R,-^' = 0.25 nvVnr/h, = 1.0 m, R,w^''= 3.0, 0.3 mm, U/‘ = 2.5, 

Rpi^' ~ 0.003, Rip = 3.0, Rmi = 1 .75, D/’ = 1 .2 m, Dg^' = 0.3 m, Fb^’ = 0.3 m. 

RANGE 

d,^''= 0.10-0.20 m, R/‘‘= 0.15-0.40 mW/h, Dw^''= 1.0-1.5 m, R,w^^ = 2.0-5.0, E/ = 
0.15-0.35 mm, U/‘ ^ 1. 5-3.0, Rp/''= 0.003-0.004, R,p''^ = 2.0-4.0, 1. 5-2.0, Df 

= 1.2-1 .4 m, Dg^*' = 0. 1 5-0.30 m, Fb^*' = 0.3-0.5 m. 


EQUATION BLOCK 6-035 

1. At^‘'=Qa/(R<-'‘x24) 

2. N“‘ = Int[l/4x(Qa/24)‘'^] 

3. A^‘'=At^‘'/N^‘' 

UNITS 

Qa, mVd; At^'^, m^; A“‘, m^; 


EQUATION BLOCK 6-036 

1. W^' = [A“''/R,w"]'^" 

2. L^^ = Riw'‘'x W'" 

3. Apr=*' = Rp/''xA'"' 

4. Ai‘'^ = R)p^* x Apf^* 

5. N,“'=l(4xA,^‘')/(7tx(d,‘'V)] 

6. y,^''=L=“/N‘‘'' 

7. yo^'^Roi^'xyi^' 

8. A„“‘ = [(Ap/''xyo*V(Ni^'’xW^‘')] 

9. do“''=[4xAo“'/n]'^' 

10. A..,*' K„/xA,“'. 


11. d,;‘ |.|x A,„*VKr^^ 

12. Di*' = d„/' + U/ + U/‘ + IV' -I- Uw"'. 


UNITS 


C, m; W"‘, in; IF', m; d,"', in; y,*', in; yo“', m; d,„’', m; Ao", A,“‘, nr; Apr', nF; 






80 


6.19 Design of Rapid Gravity Filter 

1. Input: Average Flow, Qa; Quantity of Backwash Water Used, Qb'^; Time Lost 
During Backwash, Tib"^; Design Rate of Filtration, R/^; Length to Width Ratio of 
Filter, Riw ; Diameter of Perforations, dp/^; Free Board, Fb"^; Effective Size of 
Sand, Es^; Ratio of Area of Laterals to perforation, Ratio of Area of 
Mamfold to Laterals, Rmi*^; Maximum Size of Gravel, Sg"^; Spacing of Laterals, 
yi^; Wash-water Rate, Rww"^; Spacing of Troughs, y/; Width of Trough, W/ 

2. PutN^=l. 

3. Compute Area of Filter, Length, Width and Depth. Use Equation Block 6-037. 

4. If Area of Each Filter > 1 00 m^, N^=N'^+1 . Go to 3 . 

5. Compute Number of Laterals, Diameter of Laterals, Area of Perforations, Total 
Number of Perforations, and their Distribution per Lateral and Diameter of 
Manifold. Use Equation Block 6-038. 

6. Compute Dimension of Wash-water Trough and Overall Depth of Filter. Use 
Equation Block 6-039. 

7. Display Design Flow Rate, Number of Filters, Length of Each Filter, Width of 
Each Filter, Sand Depth, Water Depth, Gravel Depth, Free Board, Overall Filter 
Depth, Diameter of Manifold, Total Number of Perforations, Diameter of 
Perforations, Number of Perforations per Lateral, Spacing of Perforations, 
Number of Wash-water Troughs, Depth and Width of Wash- water Trough. 

DEFAULT VALUES 

Qb^ = 2%, Tib^ = 30 min, R/^ = 5 m^W/h, = 1 .3, dp/^ = 9 mm, Fb^ = 0.3 m, E*^ = 
0.6 mm, Rip"^ = 3.0, Rmi"^ = 2.0, Sg'^ = 50 mm, yi"^ = 15 cm, Rww'^ = 36 m^/m^/h, ytr"^ = 

1 .6 m, W/ = 0.6 m, Hi^ = 2.5 m. 

RANGE 

= 2-4%, Tib^ = 10-30 min, R/^ = 4.8-6.0 mVm^/h, Riw"^ = 1.25-1.33, dp/^ = 5-12 
mm, Fb"^ = 0.2-0.5 m, Es"^ = 0.45-0.70 mm, Rip"^ = 2.0-4.0, Rmi'^ = 1. 5-2.0, Sg^ = 40-50 
mm, y{^ = 8-20 cm, = 35-50 mVm^/h, ytr*^ = 1.5-2.0 m, Wtr'^ = 0.5-1. 0 m, Hi'T = 
1. 0-4.5 m. 
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EQUATION BLOCK 6-037 

1. Qae'^=Qa/N'^ 

2. = [Qae'^x (1 + Qb'VlOO) X 24/(24 - T//60)] 

3. A^=[Qd'V(Rf^x24)] 

4. W'^=[A'^/R,w'^]’'^ 

5. L'^ = W'^xR,/ 

UNITS 

Q,e^, m'/d; Q/, m'/d; A'", m'; m; L^, m; 


EQUATION BLOCK 6-038 

1. Apf^= 0.003 xA"^ 

2. Npf^ = [Apf^ X 4/(7 c X (dp//1000)^)] 

3. Ai^^Rip'^xApf^ 

4. A„,'^=Rn,i'^xAi'^ 

5. d/=[A/x4/7t]'^' 

6. N,^=2xL^x lOO/y,'^ 

7. A,/=A,W 

8. d,^=[A,e^x4/5t]‘^ 

9. Np,^ = Npf'VN,^ 

10. L,'^=(W'^-d/)x0.5 

11. ypf'^=L,’^xl00/Np,^ 

UNITS 

Apf^, Ai^ Aj^, dn,'^, m; d,^, m; y/, m; 


EQUATION BLOCK 6-039 

1. Qww^=Rww'^xA'^x24 

2. N/=W//y/ 

3. Q/=Qw//N/ 

4. D/ = [Qp'V(86400 x 

5. D,'^= [(Rf'^x 2 X (d,'^' X H,'^)/(4 x lO^^ x 29323)] 

6. = 2.54 X 12 X log(Sg'^)/100 

7. D.-^ = d„,^ + + Dg*" + Dw"^ + Fb'^ 

UNITS 


Qww^, mVd; Q/, mVd; Dw*^. m; D,’^, m; Dg*^, m; D,*^. m; D/ , m; 






6.20 Design of Lime-Soda Softening 

1. Input. Average Flow, Qa; Alkalinity, Aik'®; Calcium Hardness, hca'*; Magnesiiam 
Hardness, hmg'®; Carbon Dioxide, he'®; Effluent Hardness, h^'®. 

2. Compute Fraction of Water to be Treated. Use Equation Block 6-040. 

3. If 0.01<Fraction of Water < 1.0, Treatment Type = Split Treatment 

Fraction of Water<0.01, Treatment Type = Complete Treatment 

4. Compute Lime Dose, Soda Dose, Additional Lime Dose for Mixed Flow, 
Additional Soda Dose for Mixed Flow, Total Soda Dose, Daily Lime Requirement 
and Daily Soda Requirement. Use Equation Block 6-041. 

5. If Rapid Mix Design Required Then Design Rapid Mix Unit, Else Continue. 

6. If Flocculation Unit Design Required then Design Flocculation Unit, Else 
Continue. 

7. If Settling Unit Design Required then Design Settling Unit, Else Continue. 

8. If Type of Treatment = Split Treatment, then Design Rapid Mix Unit and Settling 
Unit, Else Continue. 

9. Display Flow Rate, Influent Water Parameters, Effluent Water Parameters, Lime 
Dose, Soda Dose, Additional Lime Dose, Additional Soda Dose, Total Lime 
Dose, Total Soda Dose, Daily Lime Requirement, Daily Soda Requirement, 
Design Details of Rapid Mix, Flocculation and Settling Units(If Selected). 

DEFAULT VALUES 

Aik'® = 300 mg/1, h„,g'® = 100 mg/1 as CaCOa, hca'* = 150 mg/1 as CaCOa, h^'® = 100 

mg/1 as CaCOa, he'® = 50 mg/1 as CaCOa. 

RANGE 

Alk‘® = 300-1000 mg/1, h^g'® = 100-500 mg/1 as CaCOa, hca* = 150-200 mg/1 as CaCOa, 

he'® = 100-500 mg/1 as CaCOa, he'® = 30-50 mg/1 as CaCOa- 


EQUATION BLOCK 6-040 

1. Fw'* = [h„^'®-(he'®-35)/(h„,5'®-10)] 
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EQUATION BLOCK 6-041 

1. IfAlJ-'^>(hca'^ + h„g''>) 

Id = he + hca + 2 X hmg'^ + [Alk'^ - (hca'^ + hmg'*)] + Igx'^ 
Sd’“ = 0 

2. If Alk'^ < (hea'“ + hn,g'^) and hea'^ > Al^'^ 

ld'“ = hc'‘* + Al,'^ + h„g'“ + lex'^ 

Sd'^ = (hca'^-Alk'“) + hn,g'=’ 

3. If Alu'^ < (hea''^ + h,.g'^) & hea'^* < Aik'^' 

Id'-^ = hc'“ + hca‘“ + 2 X (Alk'“ - hea'-^) + (hea'^ + h,g'^ - Al,'^) 
Sd'^ = [B, + B2 + (1 - Fw’*) X hea'^)]/Fw'^ 

Wliere Fw'“' = Fraction of Water to be Treated 

B, =he'^(l-Fw'^)-50xFw'^ 

B2 = [Alk'^-(hea'^ + hn,g'^)x(l-Fj^) 
IfAlk'^>(hea'^ + h„,g'^) 

B2 = 0 IfAlu'^<(hca'^ + hn,g'^) 

4. Sdo’'* = ( 1 - Fw'“) X (hea'“ - Alk'^^yPw'* 

5. = 74 x (Fw'^ X Qa X ld‘^ + Qa X lexVlOO 

6. Is'^ = 106 X (Fw'^ X Qa X Sd'^ + Sde" X Qa)/100 

UNITS 

hca'^ he'^ he^ Hig/l as CaCOd; kg/d; l'\ kg/d; 


6.21 Design of Ion Exchange Softening 

1. Input: Average Flow, Qa; Temperature, Ta; Total Influent Hardness as CaCOa, hi“^; 
Service Flow Rate, Vsr'®; Rinse Water Loading, Regeneration Interval, Tr'®; 
Free Board, Fb'®; Ratio of Length to Width of Brine Tank, Riwbr'^ Ratio of Width 
to Height of Brine Tank, Rwhbr'®; Ratio of Length to Width of Rinse Water Tank, 
RiJ"; Ratio of Width to Height of Rinse Water Tank, Rwbr'®; Exchange Capacity 
of Resin, Ecr'*^; Common Salt value, Csv'*; % Solution of Brine, Pbr ; Thickness 
Layer of Gravel, Dg'®. 

2. PutN‘"=l. 
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3. Compute Flow Rate in bach Unit, Volume of Resin, Accumulated Hardness, 
Resin Bed Faiamcteis(Diamclcr and Depth). Use Equation Block 6-042. 

4. Ifdrs''>5 1. 

5. Compute Resin Bed Volume, Weight of Salt Required, Volume of Brine Water 
and Regeneration Time. Use Equation Block 6-043. 

6. Compute Regeneration Mow Loading, Rinsing Discharge and Volume of Rinse 
Water. Use Equation Block 6-044. 

7. Compute Brine Tank Paranieters(Volume, Length, Width and Depth) and Rinsing 
Tank Parameters(Volume, Length, Width and Height). Use Equation Block 6-045. 

8. Display Flow Rate, Exchange Capacity of Resin, Common Salt Value, 
Regeneration Time, Regeneration Intci-val, Volume of Resin, Resin Bed 
Parameters, Brine Tank Parameters, Free Board, Rinsing Tank Parameters, 
Volume of Brine, Volume of Rinse Water, Regeneration Flow Loading and 
Number of Units. 


DEFAULT VALUES 

hi‘® = 500 mg/1 as CaC 03 , Vj,."'' = 0.25 m/min, Vrw“^ = 0.3 m/min, T/*^ = 8 h, Fb'*^ = 0.3 m, 
R,,b.'‘-' = 1.0, Rwdb.''-' = 1.0, R,w.'‘-' = 1.0, Rw, = 1-0, = 10 kg/m\ = 5.0, Pbr'“ = 

10, Dg'" = 0.4m. 

RANGE 

h,’“ = 500-2000 mg/1 as CaCOj, Vs,'" = 0.15-0.30 m/min, vj' = 0.2-0.3 m/min, Tr’"‘ = 
8-12 h, IV" - 0.3-0.5 m, RuviV = 1.0-3.0, Rwdb/" = 1. 0-3.0, R,wr'" = 1.0-3.0, Rwh/" = 
1.0-3.0, EV" = 7-14 kg/m^ Csv" = 3.5-7.0, Pbr" = 10-15, Dg'" = 0.35-0:45 m. 


EQUATION BLOCK 6-042 

1. Qac" = Q.a/N'" 

2. hV' = T/" X 3600 X Qae‘" X h/7(86400 x 1000) 

3. Vrs''" = hV7Ecr‘" 

4. ArV = [Qac‘7(v,/"xl440)] 

5. drs‘"=[4x 


6. dJ" = v,.;7a,‘" 


UNITS 


Qac7 m7d; ha‘7 kg; Vr.s'7 Ars'7 m' 


1^; dri'7 m; Drs'7 m; 


h/7 mg/1 



EQUATION BLOCK 6-043 


= h '‘■/r 


2. Vb„s'‘-'-lwJ'-'/(lV‘-'x 10)] 

3. Trt'‘'' = [Vbnv'7(0.15x V.;'^)] 


]fT,i''^< 1800 s, 1800 s 

inV'-‘> 2700 s. T„'" = 2700 s 


UNITS 


vvs'^ kg/d; Vb,.w'7 m^/d; 


EQUATION BLOCK 6-044 


1. Q,.'^ = Vbrw'7T.,'“ 

2. Q,w"‘ - v,.,"' X A,,'V60 

3. V™" = Q,w’^ X 


> 10 X V,s.’“ 
Vrw" = ioxv,;‘-- 
If V,w"-“ < 3 X Vrs" 
V.^J'-'-Sx V 


UNITS 


Q,/, m7s; Q,w'7 ni7s; V.-w''", nT^; v,w, m/min, T,s, sec. 


EQUATToF BLOCK 6-045 

1 . Vbr'‘'' = Vbrw'“ X (24/Tr’''' Of 3, Whichever is Less) 

2. Lb/'^ = [(Rlwbr'^)'' X Rwdb,'*^ X Vbr'l''' 


3. Wbr" = Lbr'VR,wbr'‘^ 

4. Dbr‘‘= = Wbr’7Rwclbr“^ 

5. V,/ = 6xVrw" 

6. L.;‘= = [(R,w,''“)^ X Rwclr‘‘= X Vn,'*')' 

7. W.s“= = Us'VR 

8. D,r = W„’VRwdr’“ 


UNITS 


Vb;^ m^; Lbr'®, m; Wbr‘“, m; Db,•‘^ m; vj\ m; Wrs' 
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6.22 Design of I're-chlorinaiion Facility 

1. Input: Average Flow, Q„; Contact Period, Hydrogen Suilkie Concentration, 

Ch'”"; Iron Concentration, C,,'’"-; Manganese Concentration, Qn,,’’"'; Ammonia 
Concentiation, Ca'’ ; Length to Width Ratio of Chlorinating Tank, Width to 
Height Ratio of Chlorinating Tank, Number of End baffles, Nb'’'L 

2. PutN'"'-'- 1 

3. Input: Width of Submerged Opening, Wo”'*^; Width of Influent Chamber, W.e'’^'-’; 
Height of Submerged Opening, H/"-'; Height of Weir Crest Above the Bottom, 


4. Compute Optimum Chlorine Dose, Additional Chlorine Dose and Daily 
Disinfectant Requirement. Use equation Block 6-046. 

5. Compute Tank Parameters{Length, Width and Height), Channel 
Paramcters(Length, Width and Number) and Baffle Parameters(Length and 
Height). Use Equation Block 6-047. 

6. Display Flow Rate, Contact Period, Name of Disinfectant, Total Chlorine Dose, 
Daily Disinfectant Requirement, Tank Parameters, Channel Parameters and Baffle 
Parameters. 


DEFAULT VALUES 


TcP^‘= = 30min, C,r = 0, C.^ 


= 0, C,™P'‘= = 0, CaP"^ = 0, Riw^^^ = 4.0, Rwh'^^^ = 2.0 


RANGE 

Tc'’"-’ = 20-30 min, C,,'"" = 0-5 mg/1, Ci^ = 0-5 mg/I, = 0-5 mg/1, Ca'’^‘^ = 0-5 
mg/1, R,/“^ = 4.0-10.0, Rwh”'' = 2.0-4.0 


EQUATION BLOCK 6-046 

1. Cop'’'*^ = [3600 X k/Tc'’"^]''" 

k = Constant = 26 
n = Constant = 0.87 

2. da'"'" = 2. 1 X Ch'’'“ + 0.63 X Cir + H3 X Cmn”'" + 1 0 X 

3. cir = 8.21 X 10-«xQ/“ + cla'^" 



4 ol/'^ = cIi^'Vx 


X 

Disinfectant 

1.0 

Chlorine 

0.36 

Bleaching Powder 

0.72 

Calcium Hypochlorite 

0.14 

Sodium Hypochlorite 

2.63 

Chlorine Dioxide 

1.38 

Monochloroamine 

1.65 

Dichloroamine 

1.77 

Trichloroamine 

4. cir = QaeXCir 


UNITS 


Cop'”^ Ib/MG; cl.P'^ kg/m'; cl/^ g/1; kg/d; 





EQUATION BLOCK 6-047 

1. 

Qa/" 

= Qa/N'’^‘= 

2. 


Qac’’" X 1V’'V1440 

3. 



4. 



5. 


WP^VRwh""^ 

6. 


= H'’''7R„w'”" 

7. 

Lch'”" 

= Y/Pre 

8. 

Ncu'’" 

= L'’^7Web'’^‘= 

9. 


= - Wch'’'‘^ 

10. 

Hb'’" ^ 

= 1-f 

11. 


= [(pf X Qa)/(86400 X 0.61 X (2gf' x Wo’'"' x HoH]^ 

12. 


= Dch”'^-nwb’’" 

13. 


[Qac'’'’7(8640() x 1.57 X 0.6 x (2g)'^^ x (Hw’’"')^^^)] 

14. 

T PlC 
Ljq 

= Lwr X (Hw’'^‘')"V(0.02)‘'' 

15. 


= [Qae/(86400 X 1 .57 X 0.6 x {2g)'^^ x 





£- 

t ) 0 


V'^: iF: n.; n.7w.,^ h;p^| 

HJ’'\ m; Ur, m; L/'\ m; i 


6.23 Design of Post-chloriiiation Facility 

1. Input: Average Mow, Q,; Canilael Period, 'lV’"7 Length to Width Ratio of 
Chlorinating Tank, R|w'''^’7 Width to Height Ratio of Chlorinating Tank, R„h’’‘’7 
Number of End baffles, 

2. Put N’’"" = 1 

3. Input: Width of Submerged Opening, Wo’"""; Width of Influent Chamber, W,7°7 
Height of Submerged Opening, ilo'”"'; Height of Weir Crest Above the Bottom, 

U poc 

rlwb • 

4. Compute Optimum Chlorine Dose, Additional Chlorine Dose and Daily 
Disinfectant Requirement. Use Equation Block 6-048. 

5. Compute Tank Parameters(Length, Width and Height), Channel 
Parameters(Length, Width and Number) and Baffle Parameters(Length and 
Height). Use Equation Block 6-049. 

6. Display Flow Rate, Contact Period, Name of Disinfectant, Total Chlorine Dose, 
Daily Disinfectant Requirement, Tank Parameters, Channel Parameters and Baffle 
Parameters. 

DEFAULT VALUES 

dV""'' " 30 min, R,/'’'-’ - 4.0, Rwi.'"’"' 2.0 

RANGE 

T7“‘^ = 20-30 min, R,w'’"' = 4.0-10.0, Rwh'“' = 2.0-4.0 

EQUATION BLOCK 6-048 

1- Cop”"'^ = [3600 X k/Tcn'^" 

k = Constant = 26 
n = Constant = 0.87 

2. Cir = 8.21 X 10'‘*xCop'’‘’“ 

3. Cl/"*-' = CirVx 

X 

1.0 


Disinfectant 

Chlorine 
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0.36 

0.72 

0.14 

2.63 

1.38 

1.65 

1.77 


4. C\r" = Q,,xCh 


poc 


UNITS 


Cop'’°^ Ib/MG; Clt'’'"-, kg/m'; Cl/- kg/d; 


Bleaching Powder 

Calcium Hypochlorite 
Sodium Hy]-)ochlorite 

Chlorine Dioxide 

Monochloroamine 

Dichloroamine 

Trichloroamine 


EQUATION BLOCK 6-049 

1. Qar^' = Qa/N'’-' 

2. V'’- = Q,,p-xTo'’-7I440 

3. LP- = [VP-/((R,/-yx(R,„P-))]'/3 

4. W”- = LP-7Rkv'’- 

5. H”- = W'’-7Rwi/-' 

Inv* 


6. Wch'’- = H'«7R,..P-- 


7. Lc,/- = W'’-' 

8. Noh'’”‘^ = L'’-/W,,/- 

9. Lb*’-' = W’- - Wci/- 

10. Hb”- = H”- 

11. H/- = [(pf X Qa)/(86400 X 0.61 x (2gf^ x WoP- x 

12. Hj’- = Dcb'’--H^b'’“= 

13. L.v,’’- = fQ.,c'’-/(86400 x 1 .57 x 0.6 x (2g)'^ x 

14. Lc”- = Lw/- X (■Hw'’-)‘^^/(0.02)'^^ 

15. H,”- = fQ„,/(86400 x 1.57 x 0.6 x (2g)'^ x UDf"" 

UNITS 

V*’'", m'; ir\ m; W’-', m; ll'’‘"', m; Wa,'’-. m; Ur, m; Ur, ni; lib”- m; II,'’-, m; 
Hw”-', m; m; Lr\ m; 





Design Methodologies - III: 
Wastewater Treatment 


I he basic aim ot wastewater treatment is to remove the impurities (organic 
and inorganic matter) for safe disposal of water. To formulate the design approach. 
Manual on Sewerage and Sewage Treatment has been consulted. But in case of some 
unit operations that have not been dealt in detail in the manual, but are quite frequent 
in use, several standard text books and journals have been consulted to fomiulate their 
design approach. Fair et al. (1968), Bhole (1975), Patwardhan (1977), USEPA (1977), 
Hammer (1977), Arceivala (1981), Benefield et al. (1984), Quasim (1985), Peavy et 
al. (1987), Davis and Cornell (1991), Haandel and Lettinga (1994) and Metcalf 
(1997), etc. have been consulted besides manual to formulate the design approach and 
provide a recommended range in which the option functions efficiently. 


7.1 Design of Bar Screens 

1. Input: Average Flow Qa*’; Peaking Factor pf; Flow Velocity through Racks Vf*’; 
Depth of Flow Df''; Spacing of Bars yb’’; Width of Bars Wb''; Coefficient of 
Expansion Kcl Slope of Bars a*’; Amount of Screen Sc’’. 

2. Put Number of Units N’’ = 1 

3. Compute Clear Area, Spacing, and Efficiency of the Bar Racks. Use Equation 
Block 7-001. 

4. Compute Actual Depth and Velocity of Flow Through Bar Racks. Use Equation 


Block 7-002. 
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5. Compute Head I oss at Clear and 50% Clogging Conditions Through Bar Racks 
and Quantity ofSercen. Use Liquation Block 7-003. 

6. Display Flow, Numbei of Flnits, Spacing of Bars, Width of Bar, Efficiency 
Cocftlcicnt, Head Loss at Different Conditions and Amount of Screen. 

DEFAULT VALUES 

Vf’ = 0.9 m/s, Df’ = 1.0 m, yi,'' = 25mm, = 8mm, IQ = 0.30, a*’ = 75 S'’ = 0.015 

mVML 

RANGE 

Vf’ = 0.6 - 1 .0 m/s, Df’ = 0.5 - 0.75 m, yb^ = 10-50 mm, Wb*’ = 8-10 mm, = 75 - 
85", S'' = 0.0015 -0.015 m^/ML 


EQUATION BLOCK 7-001 

' Qpe'’=QaXpf/N‘’ 

An*’ = 1.157X lO'^xQpeVv,-'’ 

Wc’’=An‘’/Df'’ 

^ Nc’’=10^x WeViC 

5. Wt*’ = 1 0'^ X [Nc’’ X yi,*’ -I- Wb" x (N,'’ - 1 )] 

6. ri" = Wc^/Wt" 

UNITS 

Qpo‘\ m-Vd; An", mR W,'\ m; W.*’, m; 


EQUAfiON BLOCK 7-002 

1. Actual Depth of Flow at the Upstream can be Evaluated from the Following 
Expression 

Z*’ + Dr*’ + 0.051 x (VfY = Da^ + 0.051 x (Qpe’’/(Wt'’ x Da*’ x 86400))^ + 0.051 x IQ x 
[(Vr”)' - (QpeV(Wt'’ X Da” x 86400))'] 

2. Vaf” = [Qpe”/(W„” X Da” X 86400)] 

If This Velocity Differs the Initial Assumed Velocity by 5%, Start Blinking. 

UNITS 

Da”, m; Vai”, m/s; Z”, m; 
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EQUATION BLOCK 7-003 

1 . 1 L*’ ■ 0.0729 X l(v„'’)- (Q,,,‘V(W,'’ x 0.,” x 86400))-J 

2. - 0.0729 X [(2 X (Qpe'VfW/’ x x 86400))^] 

3. C:'’-0.001 xS'’xQpe'’ 

UNITS 

Ha*’, ni; H 50 ’’, ni; C*’, inVd; 


7.2 Proportionate Flow Grit Chamber 

1. Input lAverage Flow, Q.^; Particle Size, dp; Specific Gravity, Gs; Peak Factor, pf; 
Ratio of Length to Width, Rkv’’; Efficiency of Removal, t); Grit Content, g/; Free 
Board, Fb’’; Weir Dimension ‘a’, Performance Factor, Pc, Grit Storage Space, gs’’. 

2. PutN'’=1.0. 

3. Compute Surface Overflow Rale, Length, Width, Depth and HRT in Tank. Use 
Equation Block 7-004. 

4. Compute the Details of Proportionate Flow Weir and Amount of Grit. Use 
Equation Block 7-005. 

5. Display Flow, Number of Units, Length, Width, Depth, Amount of Grit and 
Details of Proportionate Flow Weir. 

DEFAULT VALUES 

dp = 0.00015 111 , G, - 2.65, Rkv'’ = 2.0, q - 0.75, gc^ = 30 mVlO'^ m', Fb'’ = 0.3 m, pf = 

2.25; Weir Dimension a = 30 mm, Pf= 0.125, gs’’ = 0.3 m. 

RANGE 

dp = 0.00015-0.0025 111 , Riw’’ = 2.0-8.0, q = 0.75-1.0, g/ = 5-200 mVlO^ m^ Fb’’ = 0.3- 

0. 5. m, Weir Dimension a,= 25-50 mm, Pr= 0.125-1.0, gs’’ - 0.3 m. 

7.3 Design of Parshall Flume Grit Chamber 

1. Input: Average Flow, Qul Peaking l^actor, pf; Minimising Factor, mf; Throat Width, 
Wth’”’; Depth of Flow, D(’’“; Velocity of Flow, vi’’“; Hydraulic Retention Time, hit . 

2. Compute Depth of Flow in the Upstream Leg of the Flume and Z. Use Equation 


Block 7-006. 




EQUATION BLOCK 7-004 

1. Q,/ -pl'xQa/N'’ 

2. Vsi^ = [g X (Gs ~ 1 ) X (dp)V(ui X 1 8)] 

3. R. - v,,’’ X dp/u, 

IfR^<0.5 

v,si'’ - v^i’’ Calciitalcd in (2) 

Else if 0.5 < Re <1000 

v/ = [0.707 X (G, - 1 ) X (dp)‘ X 

Else 


v,>’ = [3.3xgx(G,- l)x dp 

4 . sor'’ = v,i‘V[( 1 /P,-) X {(1 - T] - 1 )] 

5. A’’ = Qpe’’/(86400 x sor'’) 

6. W'’=[A>VR,w”]''^ 

7. L” = WPxR|/ 

8. Vsc'’ = 3to4.5x[gx(Gs-l)xdp]'^ 

9 . D’’ = [Qpe'^/(Vsc'’ X V/P X 86400 )] 

10 . hrt” = U’ X W” X D” x 1440 /Qpe'’ 

11. gP = ge”xQpe^/10' 

12. D,'’ = D'’ + gZ + Fh” 


UIMI I O 

Q'”', m'Vd; m/s; sor’’, m/s; U’, m; W'\ m; D*’, m; Vse' 


, m/s; g,'’, m 


- i 


EQUATION BLOCK 7-005 

1- b'’ = [Qpe'’/(86400x0.61 x(2x 10-^xaxg)'^^x(DP-(ax lO'^S))] 

2. To Determine the Coordinates (x,y) of the Curve Forming the Edge of the Weir, 
Assume Suitable Values of y and Compute Corresponding Values of x Using 
Equation x - b/2 x [1 (2/7i) x lan‘'((y x lOV^i" 0 


b, m; x, m; y, m; 


UNITS 
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3, Compute Depth of Flow at Various Flow Conditions, Width of Flume, Average 
Velocity ofldow and Length of Flume. Use Lquation Block 7-007. 

4. Display Flow, Peaking Factor, Number of Units, Throat Width, Depth of Chamber, 
and Length of Chamber. 

DEFAULT VALUES 

]-)l 2.25. ml 0.33, Wn,’''' 0.075 m, — 0.3 m/min, hrt'’“ ~ 1 min 

RANGE 

W„r = 0.075-2.4 m, = 0.3-0.6 m/min, hrt'’=‘ =1-2 min. 



EQUATION BLOCK 7-007 

1 . =1.1 [(Qac”‘' X 1 000)/2264 x Wih”“ x 86400]^^^ -Z 

2. Ofnin”'' =1-1 X 1 000)72264 x Wth^^ x 86400]^^^ -Z 

3. Dfm/" =1.1 [(Qpc‘’“ X 1 000)12264 x Wth'^ x 86400]"^^ -Z 

4. W”'' = [(Q|/“ X 1 000)7(86400 x Dfn/“ x vO] 

5. v/“ = [(Qae'“ X 1000)7(86400 x W''“ xDfa'’^)] 

6. LP“ = [(Qae^^ x hnf’“)/(1440 X Wi,r X Dfa’’^')] 

UNIT 


W'’^ m; L'’^, m; Dfa'’“, ni; m; D, m; iti/s; 





7.4 Design of Aerated Crit Chaniber 

1. Input. Avcidgc Mow, Q^, Peaking factor, pf; Specific Gravity of Particles, G„; 

Diametci ofi ailicles, d,,. Kinematic Viscosity, up Grit Storage Space, gs^“; Free- 
board, In,''*-'; Air Requirement per Unit Length, Spacing of Pipes, yp"^; 

Spacing of Nozzles, y,,!,"'**; Atmospheric Pressure, p; Ratio of Length to Width, 

p -'B 
WKv • 

2. Put - 1 

3. Compute Surface Overflow Rate and Tank Parameters (Length, Width and 
Depth). Use Equation Block 7-008. 

4. If Length of Grit Chamber > 20 m. Put = N''® +1 

5. Compute Air Requirement, Blower Capacity, Number of Nozzles, Grit Content. 
Use Equation Block 7-009. 

6. Display Design Mow, Length, Width, Total Depth, Grit Content, Air Required, 
Blower Capacity, Number of Pipes and Nozzles, Spacing of Pipes and Nozzles and 
Hydraulic Retention 'fime. 


DEFAULT VALUES 

pf = 2.25, Gs - 2.65, d,, = 0.15 mm, Oi = 1.01 x 10"^ m"/sec gs“^ = 0.25 m, = 0.3 m, 
Pf =0. 1 25, tV'® = 0.75, = 7.8 1/s-m, yp^*^ = 0.3 m, ynh”*^ = 0.2 m, gc“® = 30 mVl 0'^m\ 

Riw^*^ == 4.0. 

RANGE 

dp = 0.15-1.5 mm, g/** = 0.25-0.50 m, iV*^ = 0.3-0.5 m, Pf =0.125-1.0, q"® = 0.75-1.0, 
Aa,“® = 7.0-1 5.0 1-s/m, yp^'® = 0.2-0.5 m, = 0.2-0.5 m, = 5-200 m'/lOV, R,w^® 
= 3. 0-5.0 


7.5 Design of Skimming Tank 

1. Input; Average Flow, Qa; Rise velocity, v/; Ratio of Length to Width, Rkv';- 
Deplh,D^ Air Required per m^ of Sewage, Aas*; Spacing of Diffuser Pipes, yp ; 
Spacing of Nozzles, yniC 
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EQ^iATlON iJI.OCK 7-008 

1. Qik'" Q..'-' xio;n''-" 

2 . V,r = [g X {G,-l ) X (dp) 7 l 8 u|] X lO'*’ 

3 . Re X dpA)i] xlO'-’ 

4. IfRe<=0.5 

as ('alculatcd Above 
If 0.5<=Re<= 1000 

Settling Velocity [0.707 x (Gs-l)(dp x 10'^) 

IfRe>= 1000 

Settling Velocity = [3.3 x g x (Gs-1) x dp x 10‘Y^ 

5. sor“‘^ = [(v,f‘^xP|/l-iiy'V-lJ 

6. = 10p,“V(86400 X scM-'"^)] 

7. = [A-‘VR|V'^)'''- 

8. = Ruv''*^ X W“'- 

9 . v,Y = K[(a-l)xgxdpf = 

10. = [Q,Y‘^/(vY‘^ X x 86400)] 

11. hif« = [(0“** X x X I440)/Qpe“‘^] 

12. Di“^ = + g;'« + 

13. g,^8=f(g^.ag^Qj.gyiO‘'] 


UNITS 

Qpe^’^ niVd; 1/^ m; ni; m; m; mVd; 


2. Compute Area, Length, Width, Depth, Air Required, Hydraulic Retention Period, 
Blower Capacity, Spacing and Number of Noz'/les, Spacing and Number of Pipes. 
Use Equation Block 7-010. 

3. Display Design Flow, Number of Skimmers, Length, Width, Depth and Hydraulic 
Retention Period of Skimming Tank, Air Required, Number and Spacing of Pipes, 
Number and Spacing of Nozzles. 
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KQllA'i'lOlN BLOCK 7-009 ' 

1 A,-''-- 1 5 X A.r'^x l.-‘- 

2, 1V‘-" -[A,"^x 6 X IU'2] 

3, Np‘’*^-Inl(VV'‘^Vy,;“^') 

4, Yap"*^ - 

5, N„;'^--Ini|(l;“^ yp‘“^)/yniri 

6, yan“-"-[(L“‘'-ya,“‘')/N,V'°J 

7, N,;”'- N,;'-'- X 

8, Bhp -- [( 1 .201 X A,."*^ X 8.314)/{8.41 x 0.7)] OVi-273) [(p/(0.95 x 760)]"^*^* - Ij 

UNITS 

y.,,;'*^, in; yp‘‘'\ m; A,''*’, m'Vniin; blip, lip; 


DEFAULT VALUES 

Vr^" = 0.25 ni/min, D’’ = 1 .0 m, Ruv'* = 6.0, yp"” = 0.3 m, ynh'* = 0.2 m. 

RANGE 

v,^ = 0.20-1 .0 m/min, D, = 1 .0-2.0 m, - 3.0-6.0, yp* = 0.2-1 .0 m, y^h^ = 0.2-1 .0 m. 


EQUATION BLOCK 7-010 

1. = 0.00622 X Qa/v,." 

2. W^^^iAVRuv']’^^ 

3. 12 W'- X Riw' 

4. htf = (A‘'xD''x 1440)/Qa 

5. A/ = Aaa“xQa/1440 

6. Bc‘‘ = ArSx 60/1000 

7. Np^’-WVyp^’ 

8. NV = [rA-yp7yn^ 

9. N.u“ = Np--^ X Nnp^’ 

UNITS 

A*, W", m; L\ m; hrt^ min; 
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7.6 Design of Equalization ( hanibcr 

L Ti,„c Imcrval of I-low Dala, T/; Flow CorresponJmg lo Each Thoc 

Interval, Q,'; Depth of' Hqualization Chamber, 

2. Put N" - 1 . 

3. Compute Volume, Depth and Diameter or Length and Width of Lquahzation 
Chamber. Use Lquation Block 7-01 1. 

4. It Dianietei of Equalization Chamber Exceeds 60 m or Length > 90 m; Put N'’’ = 
N" + 1 . 


5. Display Average Flow, Volume of Equalization Chamber, Diameter of 
Equalization C hambct{Circular) or Length and Width ofClariller(Rcctangular) 

DEFAULl VALUES 

= 1 h, 0“^ = 2.0 m . 


EQUATION BLOCK T-OU 

1. N/-24/T/ 

2. Read Flow Rate Corresponding to Each Time Interval. 

3. Qf -EQf 

4. 

5. XA-KQV Qa)xTd724 When > Qa 

6. V/=l.2xV‘'’ 

7. V,"-Qd7N" 

8. A'^^Vo'/D" 

9. If Chamber is Circular, d*^ = [4 x A77 cJ’''^ 

10. IfChambcr is Rectangular, W'= - [ A7 Rkv1'^^ 

11. L‘= = Riw'^x W7 

UNITS 

Qi, m7d, V7 m^; V,7 m^; L", m; W7 m; D7 m; 


7.7 Design of Diffused Aeration Process 


Please refer to section 6.1. 




7.8 


Design of Cascade Aeration 


Please refer lo seelu)n 6.2. 

7.9 Design of Spray Aeration System 

Please refer to section 6.3. 

7.10 Design of Primary Rectangular Clarifier. 

Please refer to section 6.6. 


7.1 1 Design of Primary Circular Radial 

Please refer to section 6.7. 

7.12 Design of Primary Circumferential 


Flow Clarilier 

Flow Circular Clarifier 


Please refer to section 6.8. 


7.13 Design of Activated Sludge Process 

1. Input: Average Flow, Qa; MLSS, Mean Cell Residence Time, bsrC’P; Yield 
Coefficient, yC’; ka, Influent BOD Concentration, So; Effluent BOD 
Concentration, S^; Sludge Volume Index(SVl), svi'‘“''’’; Peaking Factor, pf; Nitrogen 
Content, Phosphorous Content, Pc^'*’’. 

2. Put N“'’ = 1 

3. Compute Volume, Length, Width, and Depth of the Aeration Tank. Use Equation 
Block 7-012. 

4. If Length > 1 00 m. Put = N“'’ + I 

5. Compute Recirculation Ratio, Volume of Sludge Produced and Hydraulic 
Retention Time. Use Equation Block 7-013. 

DESIGN OF AFRATION SYSTEM 

6. Compute Oxygen Requirement and Aeration Power Requirement. Use 
Equation Block 7-014. 

7. Compute Air lo Sewage Flow Ratio and Air to BOD Removed Ratio. Use 
Equation Block 7-014. 

If Surface Aerators arc used— 

8. Check the Zone of hinucnce Depending upon the Power Requirement of 
Aerator and Choose the Appropriate Aerator. 
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If Diffilsed Aeration System is Used 

9. Input. Capacity of Single Diffuser; Number of Diffusers Rows, Nr**’’. 

10. Compute Number of Diffusers, N,**P; Their Spacing, yp^. Use Equation Block 
7-015. 

CHECK FOR NUTRIENTS 

1 1 . Compute the Amoimt of Nitrogen and Phosphorous Required for Tre atm ent 
Use Equation Block 7-016. 

DESIGN OF INFLUENT STRUCTimF 

12. Select the Option of Influent Stracture- 

a) Diffuser Wall with Slots or Perforated Baffles. 

b) Influent Channel with Submerged Orfice in the Inside Channel Wall. 

c) Influent Channel with Bottom Openings. 

d) Overflow Weir Followed by a Baffle. 

If the option is any of a, b, c or d, go to 1 1, 12, 13, and 14 respectively. 

13. Input: Spacing of Slots, ys**’’; Permissible Velocity Through Slots, Vs**’’. 
Compute Number of Slots and Their Size. Use Equation Block 7-017. 

14. Input: Width of Influent Channel, Wic**’’; Number of Orfices, No**’’; Side of 
Orifice, Sor***’ or Diameter of Orfice, do**’’; In Front Distance of Baffle Wall, Xb**’’; 
Depth Db**’’ and Submergence of Baffle Wall, Sw^’’- Compute Head Loss in the 
Influent Structure. Use Equation Block 7-018. 

15. Input: Width of Influent Channel, Wic**’’; Depth of Influent Channel, Die**’’; 
Spacing of Openings, yop**’’; Permissible Velocity Through Openings, Vop**’’. Compute 
Number of Openings and Their Size. Use Equation Block 7-019. 

16. Input: Width of Channel, W.c**”; Depth of Channel, Die**”; Coefficient of 
Discharge, cd. Compute Head Over Influent Weir. Use Equation Block 7-020. 

Effluent Structure 

17. Input: Weir Loading Rate, Rw**”; Spacing of V-notches, ynh®*”; Width of 
Effluent Launder, Wei**”; Permissible Velocity in Effluent Pipe, Vep*^. 

18. Compute the Required Length of Weir, Length of Outlet 2^ne, Number of 
Effluent Launders and its Width, Number of V-notches and Head Over the 
Notches. Use Equation block 7-021 . 
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DESIGN OF SECONDARY CLARIFIER 

19. Input: Average Flow, Q^; Surface Overflow Rate, sor^‘=; Solid Loading Rate, 

20. Put N**" = 1 

21. Compute Area and Diameter of the Clarifier Based on Surface Overflow Rate, 
and Solid Loading Rate. Choose the Maximum Value & Calculate the Detention 
Period. Use Equation Block 7-022. 

22. If Diameter of Clarifier > 60 m. Put = N*' + 1 
INLET & OUTLET STRUCTURE 

19. Input: Ratio of Baffle Wall to Tank Diameter, Rbc^*^; Permissible Velocity Through 
Ports, Vpt**^; Spacing of Ports, ypt^; Spacing of V-notches, ynh“; Coefficient of 
Discharge, cd. 

20. Compute Diameter of Baffle Wall, Number of Ports and Their Diameter and 
Revised Diameter of the Tank. Use Equation Block 7-023. 

21. Compute Weir Length, Number of V-notches, and Head Over Them. Use 
Equation Block 7-023. 

22. Display Flow, Length, Width, Depth and Number of Aeration Chambers, Excess 
Nitrogen and Phosphorous Requirement, Aerator Characteristics, Inlet and Outlet 
Details. 

23. Display Number of Secondary Clarifiers, Diameter and Depth, Inlet and Outlet 
Characteristics of Secondary Clarifier. 

DEFAULT VALUES 

Xs^ = 3000 mg/1, D“*P = 3 m, svi*^ - 100 1/mg, kd = 0.05, Ots^^ = 2.4 kg 02/KW-h, 
Cd“P = 2.6 kg 02/KW-h, Nr“P = 6, yp“®P = 0.75 m, sor*' = 25 mVmVd, Si*" = 110 
kg/m'/d, D*" = 3.0 m; yp/' = 0.75 m, = 0.9 m/s, Rw*^ = 125 = 0.20 

m. 

RANGE 

= 2000-4000 mg/1, D*^ = 3-6 m, svi*^ = 80-150 Fmg, Cd*^ = 2.4 - 2.6 kg 
02/KW-h, Nr®*” = 5-10, yp“” = 0.5-0.8 m, sor*" = 15-35 m^/m^/d, Si“ = 70-140 
kg/m^/d, D*" = 3.0-4.5 m; yp* = 0.5-1.0 m, Vp,“” = 0.9-1.2 m/s, Rw®*” = 125-175 
m^/m/d, ynh®*” = 0.15-0.25 m. 



F.Qii A'l! < )i^BiTdc:k V0I2 

1. Qac-"” - Qa/N'""’ 

2. X‘‘"‘’ = 0.8 X 

3. J.I - l/bsrt“'' 

4. = [(y/"” X X x (ji+kj))] 


5 . -- 



EQUATION BLOCK 7-014 

1 . '* 0 ,““'’ = [Qac^'XSo -Sc)/f- 1 .42 X Qw“'' X X “H/l 000 

2. 0,d“'’=1.5x0,‘‘“'’ 

3 . = 0,s^“'’ X (C, - Cl) X 1 .024' X a/9. 1 7. 

4 p_a.M) Q ^ 24 ) 

5 . Ap“P = Or/^'V[pa X 0 . 232 ] 

6. Aa."^'’ = A,‘‘-^'Vllar'’ 

7. Raw“'’ = Aa,.“'VQae“^'’ 

8. Rab“^'’ = Aa;^'VQa/“'’(So-Se) 





- -- 

UNITS 

kg/d; kg/d; KW; A.“'\ m'/d; 


1. N,“'’ - A/^^/Cr'’ 

2. - W^^'Vyp^^" 

3. - N,"-^'’/N, 

4. yd“'’ = 


yd“^ ni; 


EQUATION BLOCK 7-015 


UNITS 


EQUATION BLOCK 7-016 

1 . Ne“'’ = Xp“"'’ X 0. 1 22 - Qae“"’ X N,“^‘’/l 000 

2. Pe“'’ = Xp"^’’ X 0.023 - X Pc^'^P/1 000 

UNITS 

kg/d; Pe“^'’, kg/d; 


EQUATION BLOCK 7-017 

1. W“'’ X D‘'"'V{ys"-‘’‘’)^ 

2. If Slots are Circular 

ds""’ - KOac""’ X 4)/(v,;''^'’ X N;"'’ X 7C 86400)1'’-' 

3. If Slots are Square 

Ss“” = LQa/'"/(v X N;””'’ X 86400)]“' 

UNITS 

D “P, m; S/^P, m; d ’" p, m 


EQUATION BLOCK 7-018 

1 . h,“"P = [{pf X Qae“'')/(No‘’"P X 0.61 X Lo“P X Wo“'' X (2g)“ ' X 86400)]^ 

UNITS 

h,“P, m; 






Q U Al l O N Bl .OCK 7A)1 9 

2. Sop“^'’ = [Qac"'’/(Nop^^'’ X X 86400)J‘^' 

UNITS 

S„p“'‘’, m; 

F.Q U A ll ON B LOCIO-020~ 

1_ L_^,asP == 

2. = [(Qae^^” X 3)/(2 X cd X X {Igf ' X 86400]''' 

L.;"'', in; II, 

EQUATION BLOCK 7-021 

1 . 

2. If > Lw^'^P 

L^asp ^ y^asp 

3. If Lw"®P <= 4[Lo""P + W"®P] Where Lo^^p = 0.2 x L"®p 

Then Provide Weir on Both Sides of Launder in the Outlet Zone 

Else, 

4. N|,"®P = [Lw^®P/(2 X Lo"®P)] 

5. Wet''"P = [(W""P/(2 X Nii^^P)] 

6. Nnh^^P = Lw"=^P/ynh““P 

7. dep""P = [(4 X Qae"^P)/(7r X Vep^^^ X 86400)]°-^ 

UNITS 

Lw''®^, m; dep^^'P, m; 

EQUATION 

1- = (Qac2'-’ + Q,®'^ -Qw^W"' 

2. As„ “ = Q/Wsor®^ 

3. A,r = Qt X X/‘'‘V(SrP X 1 000) 

4. ~ Maximum of (bcsc two Areas 

5. = (Asc X 4/7t]‘" 







UNITS 


6. hrt^'^ = X X 24/Qd“ 


Asc, nr; dsc, m; 


EQUATION BLOCK 7-023 

1. db'‘= = Rtc*"xd“ 

2. = [nx X db'7(2 x (ypt“)^)] 

3. Ap,^= = Qd“/vp “ X 86400 

4. dpt^ = [ {Apt®‘= - 71 X (db'")^}/(4 X Npt“)] 

5. d^^ =[(db“)^ + 

6. Lw^‘= = Qd“‘=/Rw“ 

If 71 X drc^ > Lw“ 

1^**= = 71 X dre“ 

(Provide Notches on Single Side of Periphery) 

Else Provide Notches on both Sides of Periphery. 

= 2 X 7t X dre®® 

7. Nnh*" = Lw*'/ynh“ 

8. Hnh“ = [(Qd“ X 15)/(Nnh“ X 8 X cd X (2g)‘^^ x 86400]^^ 

UNITS 

db“, m; Ap m^; dpt®^, m; drc®^, m; Lw“, m; Hnh®^ m; 


7.14 Design of Trickling Filter 

BY NRC EQUATION 

1. Input: Average Flow; Qa; Influent BOD, So; Effluent BOD, Se; 

2. If the Filter is Single Stage go to 3, else go to 5. 

3. Input: Recirculation Ratio, Ri*; Depth of Filter, Di‘;. 

4. PutNi‘=l 

5. Compute the Efficiency, Volume of Filter, and its Diameter. Use Equation Block 
7-025. Go to 7. 

6. If Diameter Exceeds 60 m, Ni* = Ni* + 1 





23 Compute Number of Laterals and Their Diameters, and Diameter of Main. 
Collecting Channel. Use Lquation Block 7-030. 

24 Display Flow, Peaking Factor, Number of Trickling Filters, Depth of Filter, 
Diamctci ol Filtei, kcciiculation at First and Second Stage, Diameter of Central 
ColiimiT, Number of Arms and Sections, Length of Each Arm & Each Section. 
Number of Orllces and Diameter of Each Orllcc. 

DEFAUl/r VALUES 

Oi‘ = 0.8 Kg/nr’-d, R|‘ =- 1.0, D/ == 1.0 m, v,.e‘ = 1.2 m/s, N^' = 2, N,c‘ =-3, Vse’ 1.0 
m/s, Ol' = O.S kg/nr’- d, Ri' = 1 . 0 , [A* = ] .0. 

RANGE 

Ol' = 0.32-1.0 Kg/m-'-d, R,‘ = 0.5-3. 0, D/ = 1.0 m, Vec' = 1. 0-2.0 m/s, Na' = 2-4, N,c' 
=2-4, Vse' = 0.8- 1.5 m/s, Oi' =• 0.32-1.0 kg/nAd, R 2 ‘ = 0.5-3.0, D 2 = 1.0-1. 5. 


EQUATION BLOCK 7-024 

1. Qae^ = Qa/N,‘ 

2. W,‘ = Qa,'x So/1000 

3. p,' = [(So-S,)/SoJ 

4. F| --[(11 R|')/(l 10.1 X Ri‘)-j 

5. Compute Volume of Filler from the Following Expression 
Pi' = [1/(H 0.44(W,‘ /V,‘ x Fi)‘^^)] 

6. Ai' = V,‘/D,‘ 

7. di‘ = L(4x A|‘)/7t]'^l 

UNITS 

Qac‘, mVd; V/, m^ A,', m^; d/, m 


EQUATION BLOCK 7-025 

1 Qae‘ = Qa/N/ 

2 W|‘=Qao‘x So/1000 

3 Vi‘=W,VOi‘ 

4 Fi=[(l+R,V(H0.1 x Ri')^] 





5 IV 1(1 I v )/(I i'l.l X R/rj " ■" ■ ■ 

0 Hi' - l{So - Sc)/S„| 

7 ti,‘ = [1/(1+0.44(VV,VV,‘xF,)‘'-)] 

8 IR* ~ 'll* ’ ']i* 

9 V 2 ‘ = [1/(H0.44(W,Vv/xF, x(] 

10 d,‘---i(4 X V,')/(7Tx I),')l"- 

" d.' - [(4 X V2‘)/(7C X N2‘ X D2‘)]'" 

iJNrrs 

VV,', kg/d; V,‘, in-';d,‘, m; D/. in; 


EQUATION BLOCK 7-026 

1 Qa>Q./Ni' 

2 W,'- Qa,‘x s^yiooo 

3 Tl,'=[(So-Se)/So] 

4 V,'=WiVO,' 

5 A,‘ = V,VD,‘ 

6 di' = [(4x Ai')/7t]''“ 

7 Compute R|'. ti,' = [(l i-R,‘)/(1.5t-R/)l 

8 Sel‘ = [So + R,‘xSe)/(H-R,‘)] 

UNITS 

Qae‘, m^/d; W/, kg/d; Vi‘, m^; d/, m; Di‘, m; 


EQUATION BLOCK 7-027 

1 Qae‘ = Qa/N,‘ 

2 W/ = Qac‘xSo/l000 

3 no'-l(So-SVSo] 

4 V,‘ = WiVOi‘ 

5 A,‘ = Vi‘/Di‘ 






6 d,‘ = [(4xAiV7t]‘“ “ 

7 ti/ = [(1+R,‘)/(1.5+R,‘)] 

8 Tl2^ = Tlt'-Tli‘ 

9 Compute R2‘ from the Expression r|2* = [(l+R 2 )/( 2 +R 2 )] 

10 Sel‘ = (l-T|l‘)xSo 

11 Hi‘ = {QaeVSo +Rl X Sel^) X 4}/{Ni' X (di‘)^ X 71 X Di' X 1000} 

12 V2*= (Qae‘ X Sel V(02' X 1000) 

13 d2' - [(Vi X 4)/N2‘ X D2* X 

14 H2' = [Qae‘(Sel‘+R2' X Se} X 4]/[N2* X (di*)^ X 71 X D,' X 1000] 

UNITS 

Qae‘, mVd; W,*, kg/d; W2*, kg/d; H,‘, kg/m^-d; H2‘, kg/m^-d;Vi‘, m^; V2', Di‘, m; D2', m; d,‘, 
m; d2‘, m; 


EQUATION BLOCK 7-028 

1 Qae‘ = Qa/Ni‘ 

2 Qd‘ = [(pf+Ri‘)xQae*] 

3 Qad*=[(l+Rl*)xQae‘] 

4 dec' = [(Qd' x4)/(7t X Vcc')] 

5 Va' = [ (Qae* X 4)/7r.X (dcc‘)^] 

6 Qaa' = Qd'/Na' 

7 La'=[(df‘-dcc')/2] 

8 Las' = La'/Nsc' 

9 As,* = 7t[(i X Lsc'+ dcc'/2)^ - ((i -1) X Lsc* +Dcc‘/2)^] 

10 ris' = [Asi‘/SAsj*] 

11 Qo* = [cd X 7t X (do*)^ X (2 X g X H‘)'^)/4] 

12 No* = Qar‘/Qo‘ 

13 Nos'[i] = Ti X No' at 100L/Nos'[i] cm c/c 

14 dss'=[(l-2ri)xQaa'/(^XVa')] 

UNITS 

Qd', mVd; doc', m; Vcc', m/s; L*', m; Lsc*, m; Asc', m^; dsc', m; 



N,' = d,Vy,‘ 

Qi‘ = [QdV(2xN,‘)] 

Qu mVd; Qd\ mVd; 


EQUATION BLOCK 7-029 


UNITS 


7.15 Design of Aerobic Pond 

1. Input: Average Flow, Qa; Influent BOD, So; Effluent BOD, S*; Latitude, LL^^; 
Ambient Temperature, Ta; Influent Water Temperature, Tw"’’; Sky Clearance Factor, 
S/’’; Ratio of Oxygen to Algae, Roa^^; Heat of Combustion, He*’’; Minimum Radiation, 
Rnn,‘*P; Maximum Radiation, R^x®”; Elevation Above MSL, Ratio of Length to 
Width, Riw^^; Depth, D^*^; Efficiency of Energy Transfer, T|et^^; Population, P; Sludge 
per Capita, Qsp^”; Influent Coliforms, Co®^, Number of Ponds in Parallel, Npp^^; 
Number of Ponds in Series, Nps^’’. 

2. Compute Area of Pond Based on latitude and Temperature Conditions. Use 
Equation Block 7-030. 

3. Compute Area of Pond based on Algae Growth Condition. Use Equation Block 7- 
031. 

4. Compute Length, Width, Depth, Detention Period, Effluent BOD, Sludge 
Produced, Effluent Coliforms and Total Depth of Pond. Use Equation Block 7-032. 

5. Display Design Flow, Number of Ponds in Series, Number of Ponds in Parallel, 
Length, Width, Depth, Effluent BOD, Sludge Produced and Effluent Coliform 
Concentration. 

DEFAULT VALUES 

Nps*P = 1.0, Npp*P = 1.0, LL"P = 28°, Tw"^ = 20°c, Sf*” = 75%, E*” = 100m. 

RANGE 

Nps^P = 1.0-5.0, Npp“P = 1.0-5.0, LL‘P = 8-36°, Tw*** = 20-35°c, S/^ = 75-90%, E*" = 
100-150 m. 


EQUATION BLOCK 7-030 

1. Wi®P = QaX So/1000 

2. 0,‘P = (325 - 6.25 x(LL‘’’-8))/(l-K).003 x £**0 



3. 03“’ - 20 X Ta 120 

4. Ai*''’ -- Wi‘“’ /(Miniimini 032 t't 3) 

If S/'’ < 75% 

5 - A“'’ X [1+ 0.03/10(75 - S/”)] 

UNITS 

W,*”’, kg/d; O,^”, kg/nr-d; A’“’, m"; 


EQUATION BLOCK 7- 

1. 0,“'’ = QaX(S«-Sa)/1000 

2. VVa“'’ - 0,‘“’/R„a“'’ 

3. I if"’ W..f“’ X If"’ 

4. Ka-'"^ R,n,f“’ I (R.ud"’ R, X Sf'Ox !()'■ 

5. Rev”'’ - Ra“'’x (I i0.0()3 X 

6. Ea"' -.lef‘'’xRcv“'’ 

7. Ah“'’-E,“'’/E;'’ 

UNITS 

0,“”, kg/d; Wa“'’, kg/d; Ef'”, KJ/d; A,,"'’, 


EQUATION BLOCK 7-032 

1. Qa/'’ = Qa/Npp“'’ 

2. A‘“’ Af“V(Npp“'’ X Npf"’) 

3. hrt^P = A"” X 

Pond Temperature may be Computed from the Expression . 

hrt“‘7D“'’ = (Tw”” - Tp=‘‘’)/[f X (Tp^'’-Ta)] 

ICt=K2oX 1.047^'‘'P‘’'’'^“^ 

5 Se"‘’=So/[l+Kixhrt‘‘'’]Np/'’ 

W«'’ = [A“P/R,w"'’]‘'' 

7. L"'’ = W“'’ X Riw”” 

8. Q,“P = PxL“'’xQ,p“^ 

9. D/'’ = Q,‘‘P/(A“'’xNp/'’xNpp’“’) 

10. Hf’” iV'i’ 1 D,/"’ I I'lf"’ 

11. Kbt = (Kb)20X 



UNITS 


iTcv"’ - ■cv'vmVk,;;x 

Q,/-’, nrVd; L^'\ m; W="’, ni; D,-, m; mVd; Ds^‘^ m; D in; C.'‘ 

org/IUOnil. 


7.16 Design of Facultative Pond 

1. Input: Average Flow, Q,; Ambient Temperature, T^; Latitude, LL*'’; Innuent 
Water Temperature, Flevation Above MSL, E''’; Inllucnt BOD, S,,; Number 
of Ponds in Parallel, N,, Number of Ponds in Series, N,,,''’; Depth, D*’’; Ratio of 
Length to Widtli, Riw*'’; Number ol BafHe Wall, Nb''’; Influent Colifotm 
Concentration, Co''^; Sliidge/Capita-Year, Qs,p'P. 

2. Compute Area of Pond and its Configuration. Use Equation Block 7-033. 

3. Compute Effiuent BOD, Total Depth, Sludge Quantity and Effiiient Colifonns. 
Use Equation Block 7-034. 

4. Display Flow, Number of Ponds in Parallel, Number of Ponds in Series, Length, 
Width, Total Depth, Number of Baffle Walls, Effluent BOD, Effluent Coliforms 
and Sludge Produced. 

DEFAULT VALUES 

Npp"’ = 1, Nps"’ = 1, D''^ - 1 .5 m, Q.p''’ = 0.07 mVperson/a, Nb'^ = 1, LL’'” = 28", Tw*'’ = 

20"c, E''’ - 1 00 m, Riw*'” - 8.0. 

ItANGE 

Npp'P - 1 -5, Nps'’’ = 1 -5, D'p - 1 .0-2.0 m, Nb'*’ = 1-5. LL‘’p = 8-36°, = 20-40°c, E'p = 

100-150 m, Rivv''’- 4.0-12.0. 




9. We''’ - w'’’ /( 1 ( Ni,''’) 


UNITS 


Q„ nrVd, 0|"’, kg/nr-d; W,,*'’, kg/d; a‘'\ nr; L*'', in; W'’’, in; in; m; 


KQUATION BUOCiv 7-034 

1. Compute Dispersion Coef'ncient D.,''’ 

If We*’’ > 30 m 
D,"’ = 33 X We*’’ 

Ds'’’- 16.7x We'P 
irvVe''’< lOin 
= 1 1 X (We*'^)- 
D/'’-2 X (W."V 
else 

D/p= 1100-5.5x(We'''’-10) 

Ds'P = 200 + 15.05 X (W/P -10) 

2. Dn'P = DJ'p X hi-t'P X 24/(Le'’‘’)“ 

3. Find Out the Pond 'remperature from the Expression 

hn'P/D'P = (Tw'” - Tp'P)/[f X (TjP-Ta)] 

4. K, = K2ox 1.035 ■'■"'‘■P-'" 

If the Design Approach is Completely Mixed Reactor Approach 

5. Sc --Sa/1 { 1 I K, X (iirl'P/Np,'P)}N,„‘'P i {0.77 x 0.6 x tsSc'Pn 
If Design Approach is Dispersed Flow Reactor - 


(With Baffles) 
(Without Baffles) 

(With baffles) 
(Without baffles) 

(With Baffles) 
(Without Baffles) 


5a. Compute Sc/So = [4 x a x c'’'’^^/{( 1 +a)'^ x ■ 


(l-a)^xe-‘''^°"}] 


Where a = [1+4 x Kt x hrl‘P x Dn'P]*'^ 

5b. Scr=S„x(I-Sc/So)'^P-'*'P 

6. flo'''’ = [S„-Sc,]/S„ 

7. Kbt = (Kb)2ox 1.10^''’'"‘P-^°> 

8. Effluent Col i forms can be Found out as BOD has been Found Out in Step 5 , 
Depending upon the Design Approach Adopted and Replacing Kt by Kbt- 

9. Q/p - Q,p‘P x P X te'P 


10. Ds/p = Q/p/A/' 


fp 



11 . + 


Tj'’, "c; C\p'‘\ kg/d; D,;''’, ,n; I), 


UNI'J'S 


Ip 


7.17 Design of Aerated Lagoons 

1 . Input: Average Mow, Q,; Depth, D“'; Ratio of Length to Width, Temperature 
of Innuent WW, 1^ ; I emperature of Ambient Air, d;,; Hydraulic Retention 
Time, hiT‘'; BOD Removal Rate Constant at 20"C, K 20 ; Yield Coefficient, y7; 
Influent BOD, S„; Aerator Capacity, A/'; Ratio ofBODs and VSS, Rbv“'; InOuent 
Co li form, CV'. 

2. Put N“' = 1 

3. Compute Lagoon Volume, l,cngtli. Width, Temperature, lifllucnt BOD, and 
Efficiency of Aerated Lagoon. Use Equation Block 7-035. 

4. IfLenglh>300 m, 1 

5. Compute the Oxygen Requirement, Power Requirement and Colifomis in the 
Effluent. Use Equation Block 7-036. 

6. Display Design Mow, Number of Lagoons, Length, Width, Depth, Number of 
Longitudinal Baffles, Detention Period, Effluent BOD, Oxygen Required and 
Quantity of Sludge Produced. 

DEFAUl/r VALUES 

Nif'' = 0, hrt“' = 4 d, D“' = 1 .5 m, R.w^' = 4.0, Rbv“' =0.6 

RANGE 

N,;'' = 0 - 5 , Inf' - 3-10 d, If' - 1. 5-2.5 m, R|w“' = 2.0-16.0, Rif' =0.6-0.7 


EQUATION BLOCK 7-035 

1. Qae^' = Qa/N‘*' 

2. V‘‘' = Qf'xhrf 

3. A"' = V“'/D'“' 

4. W“' = [A“' /Rf 

5. L“' = W“' X Rkv“' 

6 . Compute Lagoon Temperature from the Given Expression 

hrl‘‘'/D“' = [(1 f ' - T, ,“')/( fx (T,,“' -T„))] 



Ti^’ K27rr.o35y'V'' 

8. Sc-=So/[l + K,xhrf“j 

9. XV'-[y,‘‘'(So-S,)/(l+kjxhrt“')J 

10. Scf=Se + [(So/X,‘‘')xX?'] 

11. V' = [(So-Se,)/SoJ 

UNITS 

V“', A^', mX L“', m; W“', m; D“', m; Ser, nig/1; 


EQUATION BLOCK 7-036 

1 . 0,“' = [ { Qac“' X (S„ - So) X 1 0-Vf) - 1 .42 X (Qac“' X X,“' X 1 0-')] 

2. P,"' = 0,"'/Ao‘'' 

3. Pv“' = P/VV‘‘' 

irPv“' < P,J, py' = Pvm“' X V“' 

4. Kb, = (Kb)20X 1.19"-’‘' 

5. Co“' = Co“'/(H-Kbtxhif') 

UNITS 

0/', kg/d; P.-“', KW; Ce'", org/100 ml. 


7.18 Design of Kuciillative Lagoon 

1. Input; Average Flow, Qa; Depth, D'^ Ratio of Length to Width, Riw'^ Temperature 
of Influent WW, Temperature of Ambient Air, Ta; Hydraulic Retention Time, 
hrt‘y Lagoons in Parallel, N|p*y Lagoons in Series, Nis*^ TSS Concentration, tss,'^; K 20 ; 
Yield Coefficient, y/^ Influent BOD, So; Effluent BOD, Se; Aerator Capacity, Ac*^; 
Ratio of BOD/VSS, Rbv'^ Sludge per Capita, Qsp"; Cleaning Frequency, f"; Influent 
Coli forms, Co*'. 

2. Compute Length, Widtii and Depth of the Lagoon, Use Equation Block 7-037. 

3. Compute Dispersion Number, Effluent BOD, Effluent Coliforms and Overall 
1* rrit'ic'iu y. I Isc lu|unli<»ii Block 7 

4. Conipulc Oxygcft Rct|LiircincMl, Rower Requirement and Quantity ol Sludge 
Accumulated. Use Equation block 7-039. 




5. Disphiy I'low Rale, 1 agoons in Series, iaigoons in Parallel, Hydraulic Relenlinn 
I line, i^ength. Width, Dcplli, Number ol Longitudinal Baflles, Lagoon Temperature, 
Emuent BOD, Effluent Coliforms, Sludge Produced, Diameter of Innuent Pipe, 
Length, Width and Depth of Influent Channel and Number of Notches. 

DEFAULT VALUES 

lut'^ 4d, !/' 2.0 m, Nip” I,Nk'' 1, R|u" 8.0, Ni,” 0, K 20 0.6, tss,” 100 

mg,/l, T„ - 25 ” c, to” - 5 a. A,” -- 2.5 kg/KW h, Q,p” =■-- 0.08 kg, Pv” - 0.75, K|, 2 o - 1 .6. 

RANGE 

hrt” - 3-5 d, D” = 2.0-5.0 m, Nip” - 1-5, Ng” - 1-5, Rkv” - 4.0-16.0, Ni,” - 0-5, tss,” - 
100-300 mg/I, Tw = 25-40” c, u” = 3-7 a, Ac” = 2.4-2.6 kg/KW h, Q,p” = 0.05-0.12 kg, 
K” = 0.75-2.0 






L\'’-11(K) 5.ix(We'' 10) (With Banks) 

D.S - 200 + 1 5,05 X (We -10) (Without Bafllcs) 

2 I),/' - l\" X lirO’ X 24/(I,e'V' 

3. Find Out the Pond Temperature from the Expression 

hrt'VD‘^ = (Tj’ -Tp")/[rx(T/-T0] 

5. K, = K2oX 1.035 

If the Design Approach is Completely Mixed Reactor Approach 
12. So =S4{ 1+K, X hrt'VN,J'}N,;' t- {0.77 x 0.6 x iss"}] 

If Design Approach is Dispersed Flow Reactor - 


•(l-a)‘xe^'-'"'}j 


5a. Compute Se/S., - [4 x a x c''’‘"'/{(Ha)^x 
Where a = [ 1 -t-4 x Ki x hrt’’ x D,/Y^^ 

5b. Ser=(l-Se/So)N/xSo 

13. Tlo''’ = [So-Sel-]/So 

14. Kb, = (Kb)2ox 1.19^'‘™> 

15. Effluent Coliforrns can be Found out as BOD has been Found Out in 
Depending upon the Design Approach Adopted and Replacing Kt by Kbi. 

16. Qs” = Q.sp" X P X Ic'’ 


Step 5, 


17. D, 


= Qs'Va/' 


IS. D,”- D" I F'b" I 1),/' 


M- ii 0 /^. / \ a , / 1 ,x n IN (1 

Iw , C ; Q,p , kg/d; D^i, , m; D, , in; 


UNITS 


KQUA'I ION BLOCK 7-039 

1. 0.”= 1.4 xQaeS (So -SO/24 

2. Pj = P,"xV" 

Choose the Maximum of Above These Values. 


kg/d; P„o‘\ KW; 


UNITS 



2 . 


7.19 Design of Oxidation Ditch 

1. I„pul: Average 1 low, Q,; Inllueal liOD, 

Ra.io, R, Sladge Volinne I„<le.v(svi), svi“'; Oxygen Rec|uircd Rer kg of BOD 
Removed. 0.““; Oxygenation Capacity of Rotor, 0,."-; Volume Treated Per Unit 

Length of Rotor, V/’'*; Number of Roinrt: r’l., rv vv . 

^ '^uiois, Nr ; Clearance, C; Power Required Per 

Unit Length of Rotor, P|‘’‘*; Depth of Ditch D”^ 

Input: Surface Overflow Rate, soR‘=; Depth of Clarifier, D“. 

3. Compute nrneteney. Total BOD to be Re„,ovcd. Volume of Dileb, Hydraulic 

Retention Time, Return Sludge attd Volumetric Loading for the Oxidation Ditch. 
Use Equation Block 7-040. 

4 Compute the Oxygen Require, ne.n and the Length of the Rotor Required. Use 
Equation Block 7-041. 

5 Conipulc 'fop Width, Bolloin Width I onotu fa i i i rx 

‘ ‘ ’ i-cngih of Ditch, and Power Requirement. 

Use Equation Block 7-042. 

6 Put = 1 

7 Compute Dimension of Clarifier. Use Equation Block 7-043. 

8 " > 60 m, Put = N^*-' + 1 

8 Display Design Plow, Number of Units, Length of Ditch, Top Width of Drtch 

Bottom Width of Ditch, Depth of Ditch, Number of Rotors, Oxygen Required, 

Volumetric Loading, Sludge Rceirci.|a,i„„_ P„„er Requirement. 

10 Display Surface Overflow Rate, Numhor r'l -r ta- 

‘ ^ of Clarifiers, Diameter and Depth of 

Clan ficr. 

DEKAUL'r VALUES 

Xg = 3000 mg/l, Rr,„ = 0.1 kg BOD/kg MLSS, svi°‘* = 100 1/mg Ob°^ =12 0 = 

2.8 kg of 0./h, V,- = 120 m^ P," = 1.8 hp/m, D" = 1.0 m, sor^ = 14 mVd/m^ D^' = 

3.5 m. 

range 


od 


X,°‘' - 3000-5000 mg/l. Rr,„°'' 0.1-0,3 kg BOD/kg MLSS, svi“‘' = 80-150 1/mg Os 
= 1 .0-1.2, OC-- = 2.6.2.8 kg of Or/1,, V,“ = , 20-1 50 m>, P,- - l ,8-2.0 hp/m, D“' =1.0- 
1.5 m, sor^*^ = 8-15 mVd/m^, D'’'" = 3.5-4.5 m. 



EQUATION BLOCK 7-040 


1. 0,‘'^ = QaXSo/1000 

2. 0;’^ = QaX(So-Se)/1000 

3. n = [(So - Se)/SoJ 

4. V"‘' = [(QaxSo)/(Xr'xRfn,"')] 

5. X 24/(.)a 

6. vr*-[(QaxS„)/(V“‘‘x 1000)] 

7. R, [X,"‘V( I oVsvi‘’‘‘ W"')] 

UNI'I'S 

Oi"^', kg/cl; O kg/d; hrt'“', h; kg BOD/m^; 


EQUATION BLOCK 7-041 

1. 0,“^* = X 0.‘’‘V24 

2. 0,"^/0,c‘'‘' 

3. L,o'’‘' = V‘’‘VV|‘’‘'. 

4. Lr“‘^ = Maximum ofAbove Two Values. 

5. N‘'‘‘ = Int{(L“‘/15) + 0.5} 


0,°^ kg/h; m; 


UNITS 


EQUATION BLOCK 7-042 

1. Lre“'' = 

2. Wtp°‘' = Lre°‘^/2 + 2 X C 

3. Wb^' = - 2 X 0"^' 

4. A"^' = Wbi"^ X D“‘ + D‘'‘’ X D“' 

5. Cr“^ = 7lxD°‘‘ 

6 od ^ yod/j^od _ ^od ^ 

7. = V„“^'/A“‘' 

8. = L„ “‘^/2 + 2 X D"^ 


UNITS 


T I Ocl T <W I tvi* 

W ^-'ip A, , m , ijt , 


i)d 


Oil 


od 


od 




1 <:QUA TION ni.OCK 7-043 

1. - [Q,/(N'^K sor'^'-)! 

2. d^"■-[A^^x4/7l]'•'- 

UNITS 


sor^'^, m"; cr‘'’, m; 


7-20 Design of Upflovv Anaerobic Sludge Blanket (UASB) Reactor 

1. Input: Average Flow, Qa; Hydraulic Retention Time at Average Flow, hrt''"^; 
Hydraulic Retention Time at Peak Flow, hrtp“'; Peaking Factor, pf; Depth, D“''; 
Ratio of Length to Width, IW; Spacing of GLSS Separators, ygs”'^; Manning’s 
Coefficient;!!, Spacing of Primary Feeder Channels, ypi“'. 

2. Compute Volume, Area, Depth, Length and Width(Rcctangular Reactor) or 
Diameter of Reactor. Use Equation Block 7-044. 

3. Compute Number of GLSS Separators, Number of Feeder Channels, Total 
Number of Primary and Secondary Feeders and Discharge in Them. Use Equation 
Block 7-045. 

DESIGN OF INFLUENT CHANNEl.S 

4. Input: Permissible Velocity Through Each Channel, Vpc'"^; Bottom Width, Wbi^*^; 
Permissible Velocity Through Primary Feeder Pipe, Vpp^f 

5. Compute Area Served by Each Primary and Secondary Feeders, Depth of Flow in' 
the Inllucnt Channel (Assuming it to be Rectangular and Fed from Both Sides), 
Diameter of Primary Feeder, Slope of the Influent Channel and Spacing of the 
Holes. Use liquation Block 7-046. 

6. Compute Aperture Length and Aperture Width. Use Equation Block 7-047. 

DESIGN OF EF FLI I F, NT (^OLI.ECTION WEIR AND DISTRIBUTION BOX 

7. Input: Bottom Width, Wbe, Slope of Weir, 0, Retention Time for Distribution Box, 
hrtd. Length to Width Ratio, R|w, Depth, D<ib, Permissible Velocity Through Each 
Connecting Pipe, Vpc- 

8. Compute Depth of Flow in Each Weir. Use Equation Block 7-048. 

9. Compute Length, Width and Depth of Distribution Box and Depth of Flow in the 
Connecting Pipe. Use Equation Block 7-049. 



DEFAULT VALUES 


hrl'" - 6 li, iirlp‘" - 3.5 h, D‘" -- 4.0 in, yg.,"' - 4.0 m, Wi,/" - 0.3 in; Vpj,'" - 0.3 in/s, 

= 4.0. 

RANGE 

hrt" = 4-6 h, hrtp^^ = 2-5 h, D“' = 3-6 m, yg^"' = 2-5 m, Wb,*'' = 0.3-0.75 m; = 0.3- 
0.6 m/s, Rkv“' = 2.0-8.0. 


EQUATION BLOCK 7-044 

1 Va“'' = Qa X hrt“724 

2 Vp"'--prxQaXlnV'724 

3 V“' = Maximum ofVa"’ or V,/". 

4 A“’ = V“7D‘" 

5 d"' - (A'" X 4 /k X N'")*' ^ lIThc Reactor is Circular 

6 W“' = ( A“7(N“' X R|w^"))'^ ^ If the Reactor is Rectangular in Shape 

7 L“'' = Rkv“^ X W“' 

UNITS 

V‘'7 m^ L“', m; VV“', m; d^‘7 m; hrt^", h. 


EQUATION BLOCK 7-045 

1 Qua“' = (Qa /86400 X A^") 

2 Ng,7‘' -- L'7yg7‘' 

3 Ncc"' = Ng;72 

If the Reactor is Rectangular 

4 Npfc" = W>pr“' 

5 If the Reactor is Circular a = Sin’'(2 x ypf'"^ x ni“7d“'^) Where a = Angle 
Between Diameter and Line Joining the Centre to the End ofn‘'’ Channel 

6 Lc“' =Cosa X D“'' 

7 Nprc''''=L 77 yp,'" 

8 N,7‘''-Nfc^"’xNpib“^ 

9 Qap^"' = (Oa /86400 X Npr‘") 

10 cW"-0.5 xQap"' 




Lc"', m; Q, 


, nrVm’/s; Q.,"', in^/s; Qa; 


UNll'S 
, inVs; 


KQIIA'I ION BLOCK 7-046 
.•Vssumiu{4 F.ncli Feeder ( iintiiiel (o i)e O'ed from both Ends 

1. Qac“'-Qap“'xiVV2 

2. Dr = [Qa;7(v,^‘'x Wh/")] 

3. d,p^^ = [Qap“^x4/(Vpp“'x7r)]'- 

4. = eel X 71 X (d,p^")- X (2 X g X D,>")''74 

5. Aap” = Q."7Qaa“' 

6. y,;" = Aap"/yg7' 

7. Find Out the Slope from the Equation 

Qa = 1/n X ( w,7" X D/") X {( Wb/"' x D,>Q/(Wb;‘' + 2 x x (0)"^ 


UNITS 

Qae'”", m7s; Dr", m; d,p'"', m; Aap"', yi,“', m; 







5. 

A.,!/" 

---- V,,„“VD,,|,‘" 


(). 

w,,„'" 

- [A, tC/R, 


7. 

Ldb" 

- Wab^" X 





UNITS 

D,u 

m; 

Vai,“', m^; Aai,'"', m/ 

Wab'", m; Lab'", ni; 


7.21 Design of Chlorination Facility 

1. Input: Average Flow,Qa; Contact Period, To''"'; Depth of Chlorine Chamber, 

Number of End Rafllcs, Width of Influent Channel, Width W,,*^' & 

Depth of Submerged Oi)ening, Dif '; Peaking Factor, pf; 

2. Compute Volume & Length of the Chlorine Chamber. Use Equation Block 7-049. 
.1. Compute the llead Loss Acioss the liilhient Structure, Weir Length at Topmost 

and crest Height Use Equation Block 7-050. 

4. Compute Amount of Chlorine Reqtiired, Number of Chlorinators and Chlorine 
Containers. Use Equation Block 7-051. 

5. Display Design Flow, Number of Chlorine Chambers, Length, Width & Depth of 
Chlorine Chambers, Number of Baffles, Width of Innuent Channel, Width & 
Depth of Submerged Opening, Head Loss Across Influent Structure, Length of 
Weir at the Crest and the Bottom. 

DEFAULT VALUES 

'IC' • 30 min, W"' -- 2.5 m, lA' - 3.0 m, cI/‘ 5 mg/I, NC' = 1, cl,'^' = 450 kg. 

RANGE 

T/' = 20-30 min, = 2.0-5.0 m. fV* - 2.0 -5.0 m, cU' = 5-12 mg/1, = 1-5, cl/' = 450-900 kg. 


EQUATION BLOCK 7-049 

1. Qpe'^' = pfxQa/N‘'' 

2. V‘^' = Qpo‘^' xTc'Vl440 

3. Li,/' = V'^V(W‘'' X D"') 

4. Lch'^' = L,p‘=V(l+Nh‘^') 

UNITS 

Qpe'-'’, m'/d; V=', m'; U/, m; 




“EQUATI^in3oa<^ 

1- 11,^' - l(V'Vf).6 X (2g)''■^\Wo‘''x Do'-'x 86400f 

2. H.h^' = - H.vb" 

3. Uu' - Q,k''/{ 1.57 •< 0.6 X l2g)‘’\x (ll.,/')-'" X 86400} 

4. Lcc‘^' = Ut‘^'x(H,,b‘^'f-V(0.02/’' 

5. Ha*^' = (Q„c"'/pfx 1.57 X 0.6 X (2gf^ x 86400)^^^ 

UNITS 

m; ni; 1^', m; Ha^', m; 


EQUATION BLOCK 7-051 

1- Rad" = Qac'-''xcla^‘/ 1000 

2. Rpd" = Qpc"xci;7l000 

3. Ne7’' - Rpd"/Clc" 

UNITS 


Rad^'> kg/d; Rpd", kg/d; 


7.22 Design of Ciravity Tliickener 

1. Input; Sludge Flow Rate, Q7''; Mass Sludge Flow Rate, Ms‘'’; Depth of Settling 
Zone, Dsa^'’; Hydraulic Retention Time for Blending, hrtbd'*’; Depth of Blending 
Tank, Dba^’’; Velocity Gradient, G‘*’; Speed of Paddle Shaft, Vsh^'^; Number of 
Paddles, Np,,"'; Ratio ofBarnc Wall to Thickener, R,,,"’; Weir l.oading Rate, Rw'”; 
Velocity Through Ports, Vp/''; Spacing of Ports, ypt'*’; Spacing of Notches, ynh"’; 
Width ofFniucnt Launder, Wd"'. 

2. Put N‘'' = 1 and Nbd*'’ = 1 

3. Compute Quantity of Sludge, Thickener Area, Diameter and Depth of the 
Thickener. Use Equation Block 7-052. 

4. Ifd“'>60m, N‘'’-N‘'’+ 1 

5. Compute Diameter of Blending Tank and Characteristics of Paddle Mixer (Power 
Requirement, Widtli etc.). Use Equation Block 7-053. 

6. If dbd^’’ > 1 2 m; Nbd'” = Nbd‘'' + 1 

7. Compute Thickened Sludge and Supernatant Quality. Use Equation Block 7-054. 





S. Display Design )'’lo\v, Siudge I'inw, Mass of Sludge, Number of Thickeners, 


Diameler ol I'lnekener, Total Side Water [,)epth, Deplii at Centre, Solid Loading at 
Average Flow, Diameter of Blending Tank, Depth of Blending Tank, Diameter of 
Battle Wall, Number of Ports, Diameter of Ports, Length of Weir, Width of 
Effluent Trough, Depth of Eflluent Trough, Number of Notches, their Spacing and 
depth and Sludge Mow to Digester. 

DEFAULT VALUES 

L,'” = 45 kg/m^-d, DJ' - 1 .5 m, hrth<i‘'' = 2 h, Db,/'' = 2.5 m, G'” = 60, v,,/'’ = 0.06 rj^s, 
Npd"’ =12, Rbt"' = 0.12, R,'" = 125 nrVm-d, v/ = 0.9 m/s, y/ = 0.3 m, ynh'*’ = 0.20 m, 
Wel‘" = 0.6. 

RANGE 

Ls“’ = 30-60 kg/nr-d, dJ' = 1. 0-3.0 m, hrtbd‘'' = 2-4 h, Dbd‘” = 1. 5-5.0 m, G*'’ = 30-85 
/s, v,h"’ = 0.05-0.10 rps, Np,,"' =8-16, iC - 0.10-0.25, R/ = 125-175 mW-d, Vp,‘'' = 
0.75-1.2 m/s, ypi‘'’ = 0.25-0.40 m, yni/'^ = 0.15-0.30 m, W/ = 0.5-1. 5. 






~ 4 . v^h''' = 2 tt: X Xc"’ x (o‘"/60 

5. Area of Each Vcrlical Paddle can be I'ound Out from the Expression 
P,"’ - Z0.5 X Cd X p X a X (0.75 x 

6. Wpj"' - Ap/" /HpJ'’ 

UNITS 

nr\ di,d"’, m; P," ', W; v ,ii‘'\ m/s; A,i,i‘'\ ni^p, kg/m^ 

EQUATION BI.OCK 7-054 

1. VW'‘ = M,‘"xii 

2. Vt,'” =Mj^ X I OVPav'” X N'" X Gs X 

3. svr"’ - 7t/4 X (d‘'y x dJ' /V,,'” 

4. Q,o“' = Q.i'"-N'’'X Vi,"' 

5. tss.,"’ -= ( I - n) X Ms"’ X I O'VQi. X 1 000 

UNITS 

kg/d; m^/d; Q,o"’, mVd; Iss,"’, mg/l 


7.23 Design of Aerobic Digester 

1. Input ; Sludge Flow, Qs; Sludge Mass, M^; VSS Loading Rate, Li”; Mean Cell 
Residence Time, bsrF; Reaction Rate Constant, K; VSS Fraction, Fv“; Depth, D“; 
Solid Reduction Efficiency, psl Oxygen Required Per Kg of Solid Reduced, 0/; 
Oxygen Transfer Efficiency, Tjoi- 

2. Put N" - I 

3. Compute Volume, Depth Sc Diameter of Digester. Use Equation Block 7-055. 

4. lfd">60m, M“ = N“+ 1 

5. Compute Mass of Solid Reduced, Oxygen and Air Required and Hydraulic 
Retention Time. Use Equation Block 7-056. 

6. Display Design Flow, Volume of Digester, Number of Digesters, Diameter of 
Digester, Depth of Digester, Hydraulic Retention Time, Sludge Volume, Sludge 
Mass and VSS Loading Rale. 

DEFAULT VALUES 

L,” = 2.4 kg - BOD/m^-d, Fv“ = 0.80, bsi-t“ = 25 d, D“ = 3.0 m, hrt“ = 15 d, qs = 0.40, 
Os“ = 2.3, qet = 0.10, k<i = 0.06. 





RANGK 


U,-‘ 1 .6 4X11-- BOD/m-’-d, - 0.70-0.90, bsrt“ - 25-40 d, D“ = 2 5-5.0 m, hrt“ -- 

12-20 d, ii, - 0.40-0.50, O,'' = 2. 1-2.5, - 0.08-0.14, kj = 0.06. 



7.24 Design of Anaerobic Digestion 

1. Input; Digestion Period, t/"; VSS- Fraction in Sludge, Fv”"; VSS Loading, Lt^"; 
Depth of Digester, D“"; Population, P; Sludge per Capita, Qsp’*"; Yield Coefficient, 
Digestion Temperature, Tdg*’"; Thickened Sludge Temperature, Tit**"; TVS 
Destruction Elficiency, ritvs; Gas Storage Period, tg“"; Storage Pressure, 
Storage Temperature, Velocity Gradient, G*'". 




2. Compute Digester Capacity at Average Flow Condition Based on Digestion 
t-enod. Volatile Solid Loading, Population and Sludge per Capita and Volume 
Reduction Basts Use Fquation Block 7-057. 

3. Put N-‘" - 1 

4. Compute Area, Diameter and Height of the Anaerobic Digester. Use Equation 
Block 7-058. 

5. Ifd“'’>38m, N‘“’ = N""+ I. 

6. Compute Actual Solid Retention Time and Solid Loading Rate. Use Equation 
Block 7-059. 

7. Compute Gas Production Rate and Eflluent Sludge Characteristics. Use Equation 
Block 7-060. 

8. Compute Digester Heating Requirements and Gas Storage and Compressor 
Rcciuircmcnts. Use liquation Block 7-061. 

9. Display Influent Sludge Flow, Digestion Period, Number of Digesters, Diameter 
of Digester, Side Water Depth, Solid Loading Rate, Gas Production, Diameter of 
Gas Storage Sphere, Volume of Methane, Heat Required, Power of Gas 
Compressors, Power for Mixing and Digested Sludge Production. 

DEFAULT VAr.UES 

tjg“ = 14 d, Fv“" = 0. 75, lvr“" = 2.2 kg/m^-d, D“" = 6 m, P = 10000, = 0.03 mVd, y^ 

= 0,05, Td/'^ = 30‘’ c, - 20" c, q^vs = 0.5, tg“’ = 3 d, p/" = 5.1 atm, = 50" c, y., 

= 0.00073 N-s/mL G“" = 85 /s. 

RANGE 

tag*"' - 10-20 d, Fv“'‘ - 0.70-0.85, Lr'’”' = 1. 6-6.4 kg/nr’-d, D“’ = 6-12 m, Q,p“" = 0.03- 

0.005 mVd, Tdg“" = 20-50" c, = 1 5-40" c, q.vs = 0.5-0.6, tg“" = 3-5 d, ps"" = 5.0-7.0 ' 

atm, Ts“" = 40-60° c, G“ = 70-85 /s. 


EQUATION BLOCK 7-057 

1. Var“"-Qsxtd"" 

2. Vvs"' = lv“'Vlvr“" 

3. V,d=‘'W-, P X Q.p"' . 

4. V“" = Maximum Volume Obtained in the Above Calculation. 






EQUA riON BLOCK 7-058 

1. 

Ha”' = Hg”’ + Hsb”' + H,c”' 


2 

Fav"" - (D”' l-ia-"')/D”’ 


3. 

Vd,“" = V^YFav^" 


4. 

A”' = Vj,-‘'V{N-"' X Dsw"") 


5. 

d”' = (A^"x4/7T)''- 


6. 

Vaa“" = [7t/4 x (d”')- X D"" + 

1/3 X 7t/4 X (d”')-V2 X slope - 1/3 x 7r/4 x (d”')" x Hg”’] x N”’ 



UNITS 


rn; A"", d"", m; V.,a"", 

3 

m ; 


EQUATION BLOCK 7-059 


1 Ur = Ms X Fv‘‘'’/F, 


an rn iin 
av 


2 hrts"' - Va/VQs 


k^.nr-d; hrls“'’, d 


UNITS 


EQUATION BLOCK 7-060 

1. Css“"-Ms“"x 1000/Vs 

2. Bs = Css X Biodegradable Fraction(0.65) x 1.42 

3. Bp = Y X Qs X Tiu X So xlOOO/(l+kd0c) 

4. V,„ = 0.35(ri X Q X So X I O'Vl .42 x Bp) 

5. Vg=1.5xVm 





DlGKSTEi) 

6 K'"' - M/" X 1\‘"‘ 

7 Kv/" = k"’xii,, 

8 S,-‘"-(I-F/")xMsH(l-ii)xK/'’ 

9 M,,‘‘'’ = m;‘'''xI()0 

10 'lo Solids ill Tliickcncd Sludge 

1 1 Msi“ = - V/" X 0.86 X 1 . 1 62 

12 Compute Digester Supernatant Solids 'S’ from the Fonnula 8x10*^/4000 + - S)/0.05 

= M.r 

13 Q,i"'' = S xl 000/ 4000 


UNl'I'S 

C./'\ mg/1; mg/1; B,/", mg/1; m'/d; V/", m'/d 


EQUATION BLOCK 7-061 

1 . H,"" = Ms“" x 4200 x(Tj‘"’ - T/") 

2. A|/" = A,/" + A-.w**" + Abt“'’ 


3. A,i*"' = Kxd“'’x [(d“/2r+C, 

4. A, = 71 x d“" x H“ 


an lO 5 


72 


5. Ai„'‘'" = 7t x d"" x[(d“72)"+(d“'’ x Slope/2)-]“-V2 

6. H,**” = Am“" X Ha-“ X 86400 x T/" 


7. 1 17' - 1 If"' -t- I li 


GAS STORAGE & COMPRESSOR REQUIREMENT 


8. V,/" = V/"xC 


9. = Vtg'"" x (273+ T/'')/(p/'' X 273) 


10. ds“'’ =[V/” x6/7i] 




1 1 . == 2 X WoD /86400 


^gc 

an 


12. Pc"" = [Wg"" X8.314 x(273 + T/")] 


UNITS 


A,r“, m'; Ai,,"", m'; A^w"", nr; V./", m'; V in'; w/", kg/d; 



7.25 Design of Sludge Drying Beds 

1. ln[n!l; Skuiuc Solitis, Nl.; Sludge Loading Rate, Length ofDrying Bed, L''**', 

Width of Drying Bed, % Solids in Sludge, Depth of Gravel, 

Depth of Sand, D,/^"’. 

2. Compute Area, Number ofDrying Beds and Depth of Diying Bed Required. Use 
Equation Block 7-062. 

3. Display Sludge Mass, Sludge Volume, Number of Drying Beds, Length, Width 
and I')cpth of D:ying Beil. 

DKFAUI/r VALUES 

L„''“' = 100 kg Sohd/m-,hi, 1 = 30 m, = 6.0 m, P = 6.0, Dg'‘“’ = 0.25 m, 

=-• 0.20 m. 

RANGE 

L,f^‘’ = 100-300 kg Solid/m7a, L"^*’ = 30-45 m, = 6.0-8.0 m, = 6.0-8.0, Dg^^” 
= 0.1 5-0.30 m, Dss''"’ = 0.20-0.30 m. 


EQUATION BLOCK 7-062 

1. = M, X 365/L„^‘'‘’ 

2. N^^"^ - Int[A“‘“’/(L^‘'^ X W^^‘’)] 

3. = Ms X lOO/P/^’’ X 1/1.005 X 1/1000 

4. D^‘^'’ = X 365)/(N'’‘“’ x x x 8)] 

5. Di** = D^^"^ + Dg^^” + 

UNITS 

A^‘"’, nr; V“‘"’, nrVd, D"‘"’, m; 


7.26 Design of Filler Press 

1 . Input; Sludge Solids, Ms; Lime Dose/Sludge Solids, Lds*'”’; Polymer/Sludge Solids, 

Operating Time, Ti/'”; Operating Days, Rate of Filtration, Rf ‘’f 

2. Compute Total Solids Processed per Hour and Required Filter Area. Use Equation 
Block 7-063. 

3. Display Total Sludge Solids, Lime Requirement, Polymer Requirement, Operating 
Time, Operating Days, Area of Filter Press. 




DEFAULT VALUES 

0.05, Pds"” = 0.02, T,/P' = 8 h, Td'P^ = 5 d/Week, = 10 kg/m^-hr. 

RANGE 

Lds'"'’- 0.04-0.06, Pds''" = 0.02-0.03, Ti,''”' = 8-12 h, Td''”' = 5-7 d/Week, Rr'”’ - 10-12 
kg/m^-hr. 






Advice — I: 
Air Pollution Control 


The basic purpose of air pollution control is to limit the discharge of air 
pollutants to atmosphere, which create the health hazard to humans and affect 
vegetation and animal life adversely. The principle components included in this 
system are - design of local exhaust ventilation system to capture the emissions from 
the discharge point, design of emission control equipment to treat or remove the 
particulate and gaseous emissions and air dispersion modeling to study the impact of 
emissions on surrounding. 


8.1 Local Exhaust Ventilation System 

The local exhaust ventilation system includes design of hoods, duct and fans. 
Primarily these units are used to collect the emissions from the source through hoods 
and convey it to the stacks or emission control equipment by the help of fans. These 
options can be further elaborated as - 

Hoods: Hoods are devices used to ventilate process equipment by capturing emissions 
of heat of air contaminants, which are then conveyed through exhaust system 
ductwork to a more convenient discharge point or to a air pollution control equipment. 
The quantity of air required, to capture and convey the air contaminant depends upon 
the size and shape of the hood, its position relative to the point of emission and the 
nature and quantity of the air contaminant. 

In hoods when significant quantities of heat are transferred to the surrounding 
air by conduction and convection, a thermal draft is created that may cause a rising air 


cunen) willi considerable vclocily. The higher tlie column rises, the larger it becomes 
and the more diluted with ambient air. 

Ducts: Ducts are used as a conduit to convey the air contaminants intercepted at 
hoods to air control equipment or exhaust point, whatever the case may be. 

Fans: Fans are used to move air from one point to another. In the control of air 
pollution, the fan imparts movement to air mass and conveys the air contaminants 
from the source of generation to a control device in which air contaminants are 
separated and collected, allowing clean air to be exhausted to the atmosphere. 


8.1.1 Hoods 

Hoods are further classified as - Hoods for Cold Processes and Hoods for Hot 
Processes. Design of hoods for hot processes generally take into account the huge 
amount of heat liberated during the process. Hoods for cold processes do not take into 
consideration any such factor. 

Hoods for Hot Processes: In hoods when significant quantities of heat are transferred 
to the surrounding air by conduction and convection, a thermal draft is created that 
may cause a rising air current with considerable velocity. The higher the column rises, 
the larger it becomes and the more diluted with ambient air. Design of this system 
take into account the rising air velocity and the dilution of emission with ambient air. 

Hoods for Child Proccs.ses: Design of such systems include the determination of 
exhaust rate based on velocity and area of hood face, 'fhesc velocities have been 
recommended based on experience and vary considerably from industry to industry. 


8.2 Emission Control 

The pollutants emitted from the sources are either particulate matters or 
gaseous particles. Each of these pollutants needs different type of treatment. In this 
option, the emission control has been broadly categorized into two groups - 



Equipment that controls particulate mattei's and other, which control the gaseous 
emissions. 

Particulate Control: Particulate control in air pollution means the separation of 
suspended particles, aerosols etc. which can be removed from the air stream by 
applying the physical forces. 

Gaseous Control: Gaseous pollutant control results in the removal of gases like SO 2 , 
NOx, CO etc. which otherwise have created nuisance adversely affecting human and 
animal life, vegetation if discharged untreated to the atmosphere. 


8.2.1 Particulate Control 

Particulate control equipment include settling chambers, cyclones, scrubbers, 
electrostatic precipitator and fabric filters which employ one or combination of 
physical forces to remove the suspended particulate matters in the gas stream. 

Settling Chambers: The settling chamber basically consists of an expansion chamber 
in which the particle velocity is reduced to such an extent that the particle may settle 
out under the action of gravity. Its use in the industry is limited to the removal of the 
large sized particles (greater than 40 pm). Gravity settlers are usually constructed in 
the form of a long, horizontal parallelepiped with suitable inlet and outlets. There are 
basically two types of gravity settlers - the simple expansion chamber and the 
multiple tray settling chambers. In the multiple tray settling chambers, the detention 
time is low due to shallower depth and collodion efficiency is very high duo to largo 
surface area. 

Cyclone Chambers: A cyclone chamber is im inertial separator without moving parts, 
which separate particulate matter from a carrier gas by transforming the velocity of an 
inlet stream into a double vortex confined within the cyclone. In the double vortex the 
entering gas spirals downward at the outside and spirals upward at the inside of the 
cyclone outlet. The particulate matters, because of their inertia, tend to move towards 
the outside wall, firom which they are led to a receiver. 



The construction of inertial separators is relatively simple, and initial costs and 
maintenance costs are generally lower than for most other types of dust collectors. 
Collection efficiencies, however, are not very high. They are best suited for 15-40 pm 
particles but are more often used as pre-cleaners for other size range particles also. 

Wet Scrubbers: In wet scrubbers, a liquid, usually water is used to capture particulate 
dust or to increase the size of aerosols. In either case the resulting increased size 
facilitates the removal of the contaminant from the gas stream. Fine particles, both 
liquid and solid ranging from 0.1 to 20 pin can be effectively removed from a gas 
stream by wet scrubbers. The major mechanisms involved with particle collection are 
inertial impaction, direct interception, diffusion, electrostatic forces, gravitational 
forces and condensation etc. The major problem attached with sembber is the disposal 
of wet sludge. 

Fabric Filters: A filter generally is any porous structure composed of granular or 
fibrous material which tends to retain the particulate as the carrier gas passes through 
the voids of the filter. The filter is constructed of any material compatible with the 
carrier gas and particulate matter, and may be arranged in deep beds, mats or fabric. 
The filter is capable of providing high efficiencies for particles as small as 0.5 pm and 
will remove a substantial quantity of those particles as small as 0.01 pm. 

Electrostatic Precipitator: In electrostatic precipitator, particulate and aerosols 
collection is based on the mutual attraction between particles of an electric charge and 
a collecting electrode of opposite polarity. In this apparatus, particles are given an 
electric charge by forcing them to pass through a direct current corona a region in 
which gaseous ions flow. The electric field that forces the charged particles to the 
walls comes from electrodes maintained at high d. c. voltage in the center of the flow 
lane. The removal of collected particles is accomplished by knocking them loose from 
the plates allowing the collected layer of particles to slid down into a hooper from 
which they are evacuated. 

The advantages of ESP include capacity to handle large gas volumes, high 
collection efficiencies even for sub-micron size particles, low energy consumption 
and ability to operate with relatively high temperature gases. 



The relative ratings considering various aspects of the “particulate control” 
option, as included in the “comparison” option, are presented in Table 8.1. 


Table 8.1: Relative Ratings of Various Particulate Control Equipment 


1 

Description 

Settling 

Chamber 

Cyclones 

Scrubber 

Fabric 

Filter 

Electrostatic 

Precipitator 

1. 

Capital cost 

6 

8 

6 

6 

10 

2. 

Maintenance cost 

4 

8 

8 

10 

10 

3. 

Ability to remove high 

pollutant load 

C 

C 

C 

D 

C 

1 

Skilled supervision 

required 

4 

4 

6 

8 

8 

mm 

Area required 

10 

6 

6 

4 

4 

H 

Extent of use 

4 

6 

8 

8 

8 

7. 

Power requirement 

4 

4 

4 

6 

10 

8. 

' Removal efficiency 

4 

6 

6 

10 

8 

9. 

Removable particle size, 

pm 

>40 

15-40 

0.1-20 

! 

0,5 

<0.01 


8.2.2 Gaseous Pollution Control 

Absorption: Absorption involves bringing the dirty effluent gas into contact with the 
scrubbing liquid and subsequently separating the cleaned gas from the contaminated 
liquid. It provides thorough contact between the gas and liquid solvent so that inter- 
phase diffusion occurs. It is essentially a mass transfer or diffusion operation 
characterized by a transfer of one substance through another, usually on a molecular 
scale. The mass transfer process may be considered as the result of a concentration 
difference driving force, the diffusing substance moving from a place of relatively 
high to one of relatively low concentration. 

The advantages of absorption process includes relatively low pressure drop, 
capable of achieving relatively high mass trimsfer efficiencies, low capital cost, small 
space requirement, and ability to collect particulate as well as gases. The 
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disadvantages include water disposal problem, plugging of bed by particulate 
deposition, high mnintenance cost and sensitivity to temperature. 

Adsorption. Adsoiption is a separation process based on the ability of certain solids 
to remove gaseous components preferentially from a flow stream. The pollutant gas or 
vapor molecules picsent in the waste stream collect on the surface of the solid 
material. I he solid :idsoibing medium is hcqoently termed as adsorbent, while the gas 
or vapor adsorbed is called the adsorbate. This process takes place due to the 
unbalance of forces at the surface of the adsorbent. 

Adsoiption process is a particularly useful technique when the pollutant gas is 
non combustible or have a very dilute concentration, and/or is sufficiently valuable to 
recover. The advantages include product recovery, excellent control, no disposal 
problem, capability of systems to provide ftiHy automatic, unattended operation and 
high removal efficiency. The disadvantages of this process are progressive 
deterioration of adsorbent, high capital cost, plugging of bed, high stream requirement 
and expensive maintenance. 

Condensation: It is used in few cases to control air contamination. It is the process of 
converting a gas to a liquid by sufficiently lowering its temperature and/or its 
pressure. When a hot gas stream contacts a cooler medium, heat is transferred from 
the hot gases to the cooler medium. As the temperature of the gas stream is decreased, 
the average kinetic energy of the gas stream is reduced. Ultimately the gas molecules 
are slowed down and crowded so closely together that the attractive forces between 
the molecules cause them to condense to a liquid. 

Condensers are typically used as a pre-treatment devices, as they cannot 
achieve the collection efficiency required by industry using ordinarily available 
cooling medium. 

Incineration: Incineration is a controlled oxidation process used for destruction of 
vaporous volatile organic compounds or some toxic gaseous emissions from industrial 
waste gases. In the process the VOC content of waste gases react at high temperature 
with oxygen to form carbon dioxide and water, while liberating heat. The combustion 
performance depends upon temperature, residence time and turbulence. It is 
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frequently used in situations where the volume How rate of waste gas from a process 
is large but the level of contaminant gas is small. 

Incineration process is simple in operation and capable of achieving high 
destruction efficiency of organic contaminants. The disadvantages include high 
operating cost, potential for flash back and subsequent explosion hazard. 

The relative ratings considering various aspects of the “gaseous emission control” 
option, as included in the “comparison” option, are presented in Table 8.2. 


Table 8.2: Relative Ratings of Various Gaseous Pollutant Control Equipments 



Description 

Absorption 

Adsorption 

Condensation 

Incineration 

1. 

Capital cost 

6 

6 

4 

8 

2. 

Maintenance cost 

8 

8 

4 

6 

3. 

Ability to remove high 

pollutant load 

6 

6 

8 

10 

B 

i Skilled supervision reqd. 

6 

6 

6 

4 

5. 

Area required 

6 

6 

4 

4 

6. 

Extent of use 

6 

4 

6 

8 

7. 

Power requirement 

6 

! 4 

6 

10 

8. 

Removal efficiency 

6 

6 

6 

8 


8.3 Atmospheric Dispersion of Pollutant 

Choose this option for modeling the impact of selected gaseous emissions 
from the source concerned. It helps in predicting ambient concentrations of pollutant 
in the urban areas on the basis of dispersion from sources within the region and helps 
in maintaining the federal ambient air quality standards. 












Advice -II: 
Water Treatment System 


The basic purpose of water treatment system is to treat raw water from natural 
water bodies such as rivers, reservoirs (surface, underground), lakes etc. to such an 
extent that it can be used for drinking purposes. The unit operations and devices used 
for this are displayed as different available options of the water treatment system 
menu. Following is a brief note on each of these options. 

Aeration: Select this option for aeration of water for (i) to add oxygen to water for 
imparting freshness, (ii) to expel Carbon Dioxide, Hydrogen Sulfide and volatile 
substances mainly organic causing taste and odour, (iii) to precipitate impurities like 
Iron and Manganese, etc. 

Settling: Select this option before or after coagulation and precipitation to separate 
the suspended solids from water. Settling is used to remove readily settling sediments 
such as sand and silt, coagulated impurities such as color and turbidity and 
precipitated impurities such as hardness and Iron. 

Feeding Tank: Select this option for design of dosing tanks used for storing chemical 
feed in the form of solution and mixing into water. 

Rapid Mix: Select this option for rapidly and uniformly mixing coagulants and 
chemicals throughout mass of water. This helps in formation of micro-fiocs and 
results in proper utilization of a chemical coagulant preventing localization of 
concentration and premature formation of hydroxides which leads to less cffcclivc 
utilization of the coagulant. The source of power for rapid mixing arc gravitational, 
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mechanical and pneumatic. Use this option before flocculation, clari-flocculation, 
softening and/or disinfection. 

Flocculation: Use this option for design of flocculation units. Select this option 
before softening, filtration and disinfection. In flocculation the hydrodynamic process 
of slow mixing results in formation of large and readily scttleable floes by bringing 
the finely divided matter into contact with the micro-flocs formed during rapid 
mixing, 'fl'.cse can be subsequently removed in settling tanks. 

Clari-flocculation: Use this option when coagulation, flocculation and 
clarification/settling operations are to be achieved in one unit. 

Softening: Use this option to remove hardness. The purpose of softening is to reduce 
the soap consuming properties, reduce scaling problems in heaters and geysers and 
improve palatably. When hardness is less than 150 mg/1 softening for domestic 
purposes is usually not justified. Options available are chemical and ion exchange. 
After this option choose rapid mix, flocculation, settling and/or disinfection. 

Filtration: Choose this option for design of filtration units from the options slow 
sand, high rate and pressure. Use this option for separating out suspended and 
colloidal impurities from water by a passage through a porous bed. It is employed for 
treatment of water to effectively remove turbidity, color, microorganisms, precipitated 
hardness from chemically softened waters and precipitated Iron and Manganese from 
aerated waters. Select this option after flocculation and settling or softening and 
settling. Choose disinfection after this option. 

Disinfection: Choose this option for design of disinfection units. Select this option for 
ensuring that pathogens and other microorganisms are inactivated. Bacteria, Viruses 
and Amoebic Cysts constitute the three main types of human enteric pathogens and 
effective disinfection is aimed at destruction or inactivation of these and other 
pathogens such as helminths responsible for water borne diseases. The need for 
disinfection in ensuring protection against transmission of water borne diseases 
cannot be over emphasized and its inclusion as one of the water treatment process is 



142 


considered necessary. Use this option for pre (before coagulation-flocculation or 
filtration) and post disinfection (last unit operation in the water treatment). 

Advance Processes: Use this option for production of ultra pure water and treatment 
of saline water. This option should be chosen after each of above options. 


9-1 Aeration 

Diffused Aeration: Use this option for design of diffused aeration system with nozzle 
diffusers. This unit consists of nozzles and pipes in a basin in which compressed air is 
injected to rise through water being aerated. As the rising bubbles of air have a lower 
average velocity than the falling of drops, this unit provides a longer aeration period 
than the cascade type for the same head loss. These have higher initial costs and 
require greater recurring expenditure. They require less space than spray aerators and 
cold weather working problems are not encountered. It is less popular in water 
treatment plant in comparison to other options. 

Cascade Aeration: Use this option for design of cascade aerator in which water is 
allowed to flow downwards in a series of falls to produce turbulence. It adds to the 
beauty of plant. Head loss is greater than other options. In cold climates these aerators 
must be housed width adequate provision for ventilation. Corrosion and slime 
problem may be encountered in aerated water. 

Spray Aeration: Use this option for design of spray aeration system in which water is 
sprayed through nozzles upward into the atmosphere in the form of fountain and 
broken up into either mist or droplets. Water is directed at a slight inclination to the 
vertical. The installation consists of trays and fixed nozzles on a pipe grid with 
necessary outlet airangements. 

'fhe comparative performance and relative ratings considering various aspects 
of the “aeration” option as included in the “performance” and “comparison” advice 
options, are presented in Tables 9.1 and 9.2 respectively. 
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Table 9.1: Comparative Performance of the Three Aeration Processes 



Descriplion 

Diffused 

Cascade 

Spray 

1. 

Carbon Dioxide removal % 

40-75 

20-45 

70-90 

2. 

Hydrogen Siiinde removal % 

50-80 

20-35 

90-99 

3. 

Volatile organic removal 

NA 

NA 

NA 

4. 

Precipitation of Iron 

NA 

NA 

NA 

5. 

Pressure required at nozzles (m of 

water) 

5 

N/A 

7 

6. 

Precipitation of Manganese 

NA 

NA 

NA 

7. 

Aerator area, mVKLD 

N/A 

0.50-0.65 

0.00125-0.00375 

8. 

Air required mVKL 

0.6-1. 5 

N/A 

N/A 

9. 

Head loss (m of water) 

N/A 

0.5-0.30 

8-10 

10 

Power required W/KL 

3-10 

N/A 

N/A 


Note: For rating levels and abbreviations please refer to section 4.4. 


Table 9.2: Relative Ratings of the Three Aeration Processes 



Description 

Diffused 

Cascade 

Spray 

1. 

Gas Transfer Efficiency 

6 

4 

8 

2. 

lifriciency in cold climate 

8 

2 

4 

■■ 

Freedom from manufacturers patents 

E 

B 

D 

H 

Skilled person requirement 

4-6 

2 

4-6 

m 

Initial cost 

8 

4-6 

6-8 

6 . 

Maintenance cost 

8 

2-4 

4-6 

7. 

lixlent of use 

L 

2 

6 

8 


Note: For rating levels and abbreviations please refer to section 4.4. 


9.2 Settling 

High Rate: Use this option for design of tube settlers and plate settlers. These have 
higher efficiency. Use of high rate settlers can reduce detention time to few minutes. 
These units achieve better efficiency and economy in space as well as cost. 

Conventional: Use this option for design of conventional settling like rectangular and 
oii'cidar scUling (aiik.s. In these tanks direction ol (low is sulislunlially hori'/.onlal. 
Sludge is removed by mechanical scrapers. 
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The comparative perfonnance and relative ratings considering various aspects 
of the “settling” option, as included in the “perfonnance” and “comparison” advice 
options, are presented in Tables 9.3 and 9.4 respectively. 


Table 9.3: Comparative Perfoimance of the Conventional and High Rate Settling 

Units 



Description 

Conventional 

High Rate 

1. 

Hydraulic retention tune, (hours) 

1-8 

0.2-0.8 

■) 

\\\ii loading (ni/d) 

150-300 

600-1200 

3. 

Surface Overflow Rate (m/d) 

15-60 

96-144 

4. 

Depth of Tank (m) 

3-7 

3-10 


Note: For rating levels and abbreviations please refer to section 4.4. 


Table 9.4: Relative Ratings of the Conventional and High Rate Settling Units 



Description 

Conventional 

High Rate 

1. 

Freedom from streaming and overturn 

8 

4 

2. 

Efficiency with heavily silted water 

8 

4 

3. 

Efficiency in variable influent quality 

8 

4-6 

4. 

Effectiveness with algae 

C 

E 

5. 

Suitability for Iron removal 

C 

E 

6. 

Suitability for lime softening 

C 

E 

7. 

Effectiveness on small scale 

D 

B 

8. 

Effectiveness on big works 

B 

B 

9. 

Advantageous use of land 

E 

B 

10. 

Ease of cleaning 

B 

E 

11. 

Freedom from manufacturers patents 

B 

E 

12. 

Skilled Person requirement 

4 

8 

13. 

Overall cost 

4 

6 

14. 

Extent of use 

8 

2 


Note: For rating levels and abbreviations please refer to section 4.4. 


9.2.1 High Rate Settlers 

Tube Settler: Use this option for design of tube settlers to reduce the effective surface 
area and hydraulic retention time. These provide excellent clarification for detention 
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time less than 10 minutes. These units consist of tube settlers made of prefabricated 
thin black sheets 1 m long of PVC, timber, asbestos cement etc. 

Plate Settler: Use this option for design of plate settlers units. Parallel plates are 
usually introduced to enhance the efficiency of existing conventional rectangular 
settling basins. As such both tube and plate settlers are equivalent options. 

The comparative performance and relative ratings considering various aspects 
of the “high rate settlers” option, as included in the “performance” and “comparison” 
advice options, are presented in Tables 9.5 and 9.6 respectively. 


Table 9.5: Comparative Perfoimance of the Tube and Plate Settlers 



Description 

Tubes 

Plates 

1. 

IIRT (hour) 

0.2-0.8 

0.5-1.0 

2. 

Weir Loading (m/d) 

800-1200 

600-1000 

3. 

Surface overflow rate (m/d) 

100-144 

96-120 

4. 

Inclination from horizontal 

5-60 

5-60 

5. 

Flow Velocity through tubes/plates (m/s) 

0.003-0.006 

0.003-0.005 

Note: 1 

"or rating levels and abbreviations please refer to section 4.4. 


9.6: Relative Ratings of the Tube and Plate Settler 



Description 

Tube 

Plate 

1. 

Freedom from streaming and overturn 

4 

4 

2. 

Efficiency with heavily silted water 

4 

4 

3. 

Efficiency in variable influent qualiiy 

6 

8 

4. 

Effectiveness with algae 

E 

E 

5. 

Suitability for Iron removal 

D 

D 

6. 

Suitability for lime softening 

D 

C 

7. 

Effectiveness on small scale 

B 

B 

8. 

Effectiveness on big works 

B 

B 

9. 

Advantageous use of land 

B 

B 

10. 

Ease of cleaning 

E 

D 

11. 

Skilled Person requirement 

6 

8 

12. 

Overall cost 

6 

4 


Note: For rating levels and abbreviations please refer to section 4.4. 
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9.2.2 Conventional Settlers 

Rectangular Settling Tank: Use this option for design of rectangular settling tanks. 
It is little difficult to construct and analyze structurally. Sludge scrapers require 
arrangement of adjustable arms to reach comer points of tank. Multiple unit 
construction may lead to economy due to common walls. For same area it gives less 
weir loading than circular shaped settling tanks. 

Circular Settling Tank: Use this option for design of circular settling tanks. It is easy 
to constmct and analyze stmcturally. Simple sludge scrapers are required. May not be 
economical in case multiple units are required. Options available are radial flow and 
circumferential flow. 

The comparative performance and relative ratings considering various aspects 
of the “conventional settlers” option, as included in the “performance” and 
“comparison” advice options, are presented in Tables 9.7 and 9.8 respectively. 


Table 9.7: Comparative Pcrfonnance of the Rectangular and Circular Settling Tanks 



Description 

Rectangular 

Circular 

1. 

Hydraulic retention time, h 

3-8 

1-2.5 

2. 

Weir Loading (m/d) 

150-200 

150-600 

3. 

Surface overflow rate 

10-60 

25-75 

4 

noptli ol' l'aiilv (in) 

4-7 

3-5 

5. 

Length/Diameter of tank 

5-100 

5-60 

6. 

Length to Width Ratio 

3-5 

N/A 

Note: For rating levels and abbreviations please refer to section 4 

rA. 


Table 9.8: Relative Ratings of the Rectangular and Circular Settling Tanks 



Description 

Rectangular 

Circular 

1. 

Freedom from streaming and overturn 

8 

8 

2. 

Efficiency with heavily silted water 

8 

6 

3. 

Efficiency in variable influent quality 

8 

6 

4. 

li(Tcctivcncss with algae 

C 

H 

.5. 

Suilabilily for prc-scdiniciilatiou 

it 

C 
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6. 

Suitability for lime softening 

c 

B 

7. 

liffectivencss on small scale 

D 

D 

8. 

Effectiveness on big works 

B 

B 

9. 

Advantageous use of land 

D 

C 

10. 

Ease of cleaning 

B 

C 

11. 

Freedom from manufacturers patents 

B 

C 

12. 

Skilled Person requirement 

4 

6 


Overall cost 

6 

8 

14. 

Extent of use 

8 

6 

Note: For rating levels and abbreviations please refer to section 4.4 

k 


Circular settling tanks can be of two types depending upon the flow pattern as 

follow. 

(i) Radial Flow Settling Tank; Use this option for design of radial flow circular 
settling tanks. In this unit influent is fed through center and flow approaches 
horizontal. Effluent is collected by effluent launder at circumference. 

(ii) Circumferential Flow Settling Tank: Use this option for design of 
circumferential flow circular settling tanks. In this unit influent enters through bottom 
of rim or circumference of the tank and effluent is collected at top of rim or 
circumference of tank. The flow approaches to vertical flow. 

The comparative performance and relative ratings considering various aspects 
of the “circular settling tank” option, as included in the “performance” and 
“comparison” advice options are presented in Tables 9.9 and 9.10 respectively. 


Table 9.9: Comparative Performance of the Radial and Circumferential Flow Circular 

Settling Tanks 



Description 

Radial Flow 

Circumferential Flow 

1. 

Hydraulic retention time (hr) 

2-2.5 

1-1.5 

: 2. 

VVcir loading (m'd) 

200-500 

300-600 

3. 

Surface overflow rate (m/d) 

25-75 

40-50 
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4. 

Depth of tank (m) 

4-5 

4-6 

5. 

Diameter of lank (m) 

5-60 

5-30 

6. 

Diameter to depth ratio 

1-20 

1-10 


Note; For rating levels and abbreviations please refer to section 4.4. 


Table 9.10: Relative Ratings of the Radial and Circumferential Flow Circular Settling 

Tanks 



Description 

Radial Flow 

Circumferential 

Flow 

i. 

iTCcciom from .streaming and 

overturn 

6 

4 

2. 

Efficiency with heavily silted water 

6 

4 

3. 

Efficiency in variable influent 

quality 

6 

6 

4. 

Effectiveness with algae 

D 

B 

5. 

Suitability for prc-scdimcntation 

C 

D 

6. 

Suitability for lime softening 

C 

C 


1 EiVccliveness on small scale 

D“ 

D 

m 

Effectiveness on big works 

B 

B 

m 

Advantageous use of land 

D 

D 


Ease of cleaning 

B 

C 

11. 

Freedom from manufacturers patents 

c 

C 

12. 

Skilled Person requirement 

4 

6 

13. 

Overall cost 

6 

8 

14. 

Extent of use 

6 

4 


Note: For rating levels and abbreviations please refer to section 4.4. 


9.3 Rapid Mix Unit 

Mechanical Rapid Mix Unit: Use this option for selecting mechanical units for rapid 
mixing. These are nrost commonly used for rapid mixing. The mechanical units are 
efficient as they have little head loss and are unaffected by volume of flow or flow 
variations. These arc best suited for plants where head loss through the plant is to be 
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conserved as mutii as possible and where (he How exceeds 300 mVh. Ilowcvcr, these 
units require regular maintenance and consume more energy. 

Non Mechanical Rapid Mix Unit: Use this option for selecting hydraulic jump for 
baffled channels for rapid mixing. I'hese units are simple to construct but do not give 
Hexibility. No mcclianicul equipment is needed to operate and maintain. In these units 
head loss is appreciable. These are relatively less suitable because they have excellent 
plug flow and poor mixed flow characteristics. In these devices, the required 
turbulence is obtained from the How of water under gravity or pressure. 

The Comparative performance and relative ratings considering various aspects 
of the “rapid mix units” option, as included in the “performance” and “compare” 
advice options, are presented in Tables 9.1 1 and 9.12 respectively. 


Table 9.1 1 : Comparative Performance of the Mechanical and Non-mechanical Rapid 

Mix Units 



Description 

Mechanical 

Non-mechanical 

! 1) sl'.iiil.c : "irc, s 

J0-:20 

:o-;oo 

2. 

Velocity gradient, /s 

750-5000 


3. 

Power required, w/nrVh 

1-3 

N/A 

4. 

Head loss, m of water 

N/A 

0.3-5.0 

Note: 1 

For rating levels and abbreviations please refer to section 4 

^4. 


9.12; Relative Ratings of the Mechanical and Non-mechanical Rapid Mix Units 



Description 

Mechanical 

Non-Mechanical 

1. 

lifficicncy with variable inOuent quality 

10 

4 

2. 

Effectiveness on small scale 

B 

B 

3. 

Effectiveness on big works 

B 

D 

4. 

Advantageous use of land 

B 

E 

5. 

Freedom from manufacturers patents 

E 

A 

6. 

Skilled person requirement 

8 

4 

7. 

Overall cost 

8 

4 

8. 

Extent of use 

8 

4 

A 


Note: For rating levels and abbreviations please refer to section 4.4. 
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9.3.1 Mechanical Rapid Mix Unit 

Jet Injector: Use this option for selecting jet injector for rapid mixing. In this unit 
chemical is introduced through nozzles/holes at a pressure in opposite direction of 
flow. It is less used due to plugging of orflccs and non flexibility of the unit. 

Inline Blender: Use this option for selecting inline blender for rapid mixing. These 
units were developed for a very rapid instantaneous mixing of chemicals with a 
minimum of short circuiting. These are less expensive than turbine type. Most suitable 
for adsorption destabilization type colloidal reactions. 

Turbine Type Rapid Mix Unit: Use this option for selecting turbine type unit for 
mixing. These units comprise of flat beds attached to a shaft rotating at considerable 
RPM (100 RPM) which generates turbulence and cun-ent to mix the chemicals 
instantaneously. This unit is more common for mixing chemicals and coagulants. 
Most suitable for sweep coagulation reactions. 

The Comparative performance and relative ratings considering various aspects 
of the “mechanical rapid mix units” option, as included in the “performance” and 
“compare” advice options, are presented in Tables 9.13 and 9.14 respectively. 


Tabic 9.13: Comparative Performance of Jet Injector, Inline Blender and Turbine 

Type Rapid Mix Units 



Description 

Jet 

Inline 

Turbine 

1. 

Velocity gradient, /s 

750-1000 

3000-5000 

700-1000 

2. 

Detention time, s 



50-120 

3. 

Shaft speed, rpm 

N/A 

NA 

150-1500 


Note: For rating levels and abbreviations please refer to section 4.4. 
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9.14: Relative ratings of Jet Injector, Inline Blender and Turbine Type Rapid Mix 

Units 



Description 

Jet 

Inline 

Turbine 

1. 

Area requirement 

4 

8 

10 

2. 

Power requirement 

6 

6 

8 

3. 

Extent of use 

6 

6 

8 

4. 

Freedom from manufacturers 

E 

E 

E 


' patents 




5. 

Head loss 

8 

6 ' 

6 

6. 

Pcrrorinance in vanabie fiuw 

U ■ . 

i > 

B 

7. 

Overall cost 

4 

6 

8 


Note: For rating levels and abbreviations please refer to section 4.4. 


9.3.2 Non Mechanical Rapid Mix Unit 

Baffled Rapid Mix Unit: Use this option for selecting baffled units for mixing. 
Baffle plates can be of steel, wood or concrete. Velocity gradients are purposely 
intensified by enforced changes in the direction of flow. It is a simple system but is 
not flexible and involves much loss of head. The detention period is also restricted as 
otherwise long channels arc required. 


Hydraulic Rapid Mix Unit: Choose this option for design of hydraulic jump as 
mixing unit. In this unit mixing is achieved by a combination of a chute followed by a 
channel with or without sill. Loss of head is appreciable and detention time is also 
veiy low. This unit though relatively inflexible, is simple and can be used as a standby 
in large plants to the mechanical mixer while for small plants, this can serve directly 
as the main unit. 

The Comparative performance and relative ratings considering various aspects 
of the “non-mechanical rapid mix units” option, as included in the “performance” and 
“compare” advice options, are presented in Tables 9.15 and 9.16 respectively. 



Tabic 9.15: Comparative Performance of Bafned and Hydraulic Jump Type Rapid 

Mix Units 



Description 

Baffled 

Hydraulic Jump 

1. 

IIRT, sec 

10-30 

3-10 

2. 

Velocity gradient, /s 

700-1000 

600-1200 

3. 

Flow through velocity, ni/s 

0.5-1. 5 

3-4 

4. 

Head loss, m of water 

0.5-2.5 

0.3-0.6 


Note: For rating levels and abbreviations please refer to section 4.4. 


Table 9.16: Relative Ratings of Baflled and Hydraulic Jump Type Rapid Mix Units 



Description 

Baffled 

Hydraulic Jump 

1. 

Efficiency with variable infiuent 

quality 

2 

2 

2. 

Effectiveness on small scale 

B 

B 

3. 

Effectiveness on big works 

D 

E 

4. 

Advantageous use of land 

E 

C 

5. 

1 Freedom from manufacturers patents 

A 

A 

1 

6. 

Skilled person requirement 

4 

6 

7. 

Overall cost 

8 

6 

8. 

Extent of use 

6 

4 


Note: For rating levels and abbre\ iaiions please refci to section 4.4. 


Baffled rapid mix units can be of two types depending upon the orientation of 
the baffles as follows. 

Vertical Baffled Rapid Mix Unit: Use this option for selecting vertical baffled unit 
for rapid mixing. Velocity gradients are purposely intensified by enforced changes in 
the direction of flow upwards and downwards. In this unit a homogeneous mixture of 
the suspended particle is maintained due to alternate rise and fall of water, which 
prevents deposition of sludge. 
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Horizontal Baffled Rapid Mix Unit: Use this option for selecting horizontal baffled 
unit for rapid mixing. It consists of series of baffles around the ends of which the 
flowing water is reversed in direction, thus causing turbulence and agitation at each 
point of reversed flow. Proper scouring arrangc.mc.its have to be made in this unit to 
prevent deposition of sludge. 

The Comparative performance and relative ratings considering various aspects 
of the “baffled rapid mix units” option, as included in the “performance” and 
“compare” advice options, arc presented in Tables 9.1 1 and 9.12 respectively. 


Table 9.17: Comparative Performance of Vertical and Horizontal Baffled Rapid Mix 

Units 



Description 

Vertical 

Horizontal 

m 

HRT, sec 

10-30 

10-30 

2 . 

Velocity gradient, Is 

700-1000 , 

800-1200 

3. 

Flow through velocity, m/s 

0.5-1.5 

0.5-1.5 

4. 

Head loss, m of water 

0.5-2.5 

0.5-2.5 

Note: For rating levels and abbreviations please refer to section 4. 

Table 9.18: Relative Ratings of Vertical and Horizontal Barfle( 

4. 

J Rapid Mix Units 


Description 

Vertical 

Horizontal 

1. 

Efficiency with variable infiuenl 

quality 

4 

4 

2. 

Effectiveness on small scale 

B 

B 

3. 

iiffcclivcncss on big works 

D 

D 

4, 

Advantageous use of land 

E 

E 

5. 

Freedom from manufacturers patents 

A 

A 

6. 

Skilled person requirement 

6 

6 

7. 

Overall cost 

6 

6 

8. 

Extent of use 

4 

8 


Note: For rating levels and abbreviations please reler to section 4.4. 
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9.4 Flocculation 

Mechanical Floccslation: Mechanical flocculation units include inline blender, 
paddle type and fiat blade turbine. These are flexible units since the speed of 
mechanical blades or paddles can be adjusted to suit the variations in flow, 
temperature and silt conditions. These units consist of revolving paddles with 
horizontal or vertical shaft. I’lie paddles arc driven by motor either of constant or 
multiple speed operating through a gear type reducer or drive belt chains. 

Non Mechanical Flocculation: Use this option for selecting non-mechanical 
flocculation units, baffled and gravity llocculators. These units lack flexibility since 
the system can be designed for maximum efficiency only at one rate of fiow and at 
one temperature. 

The Comparative perfonnance and relative ratings considering various aspects 
of the “flocculation” option, as included in the “performance” and “compare” advice 
options, are presented in Tables 9.19 and 9.20 respectively. 

Table 9.19: Comparative Performance of Mechanical and Non-mechanical 


Flocculation Units 



Description 

Mechanical 

Non-mechanical 

1. 

HRT, sec 

10-60 

10-600 

2. 

Velocity gradient, /s 

10-100 

20-75 

3. 

Flow through velocity, m/s 

0.2-0.8 

0.10-0.30 

4. 

Power required, Watt/m '‘/lir 

0.5-1.5 

N/A 

4. 

Head loss, m of water 

N/A 

0.15-0.60 


Note: For rating levels and abbreviations please refer to section 4.4. 


Table 9.20: Relative Ratings of Mechanical and Non-mechanical Flocculation Units 



Description 

Mechanical 

Non-mechanical 

1. 

Efficiency with variable influent quality 

10 

4 

2. 

Effectiveness on small scale 

B 

B 

3. 

Effectiveness on big works 

B 

D 

4. 

Advantageous use of land 

B 

E 
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5. 

Skilled person requirement 

8 

4 j 

6 . 

Overall cost 

8 

4 j 

! f 

7. 

Extent of use 

8 

4 


Note: For rating levels and abbreviations please refer to section 4.4. 


9.4.1 Mechanical Flocculation 

Inline Blender: Use this option for selecting inline blender flocculation unit. It 
consists of a rotating shaft with blades in the passage of water. It is similar to rapid 
mix unit. The only difference is in the speed of the shaft. In this unit there is minimum 
of short circuiting. It is less expensive than paddle and flat blade turbine. 

Paddle Type Flocculafor: Use this option for selecting paddle type flocculation 
units. The paddle type devices are mounted horizontally or vertically and rotate at low 
speeds 2 to 15 RPM. The currents generated are both radial and tangential. 

Flat Blade Turbine Flocculator: Use this option for selecting flat blade turbine t3q3e- 
flocculation unit. In this unit Hat blades are connected to a shaft. The flat blades are in 
the same plane as the drive shaft. The blades can be mounted vertically or horizontally 
and operate at 10 to 15 RPM. This unit is least effective than above two units. 

The Comparative perfonnance considering various aspects of the “mechanical 
nocculation units” option, as included in the “performance” and “compare” advice 
options, is presented in Table 9.21 . 

Table 9.21: Comparative Perfonnance of Inline, Paddle and Turbine Type 


Flocculator 



Description 

Inline 

Paddle 

Turbine 

1. 

HRT, s 1 

5-20 

10-40 

10-40 

2. 

Velocity Gradient, Is 

35-66 

10-75 

35-66 

3. 

Flow through Velocity, m/s 

0.3-0.9 

0.2-0.8 

0.3-0.9 

4. 

Power required, KW/MLD 

6-25 

10-36 

6-30 

5. 

Shaft speed, RPM 

2-10 

2-15 

. . • ^ A 

5-10 


Note: For rating levels and abbreviations please refer to section 4.4. 
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9.4.2 Non Mechanical Flocculation 

Baffled Flocculator; Use this option for selecting baffled units for flocculation. In 
this option vertical baffle and horizontal baffled are implemented. Baffled plates can 
be of steel, wood or concrete. Velocity gradients arc purposely intensified by enforced 
changes in the direction of flow. It is a simple system but is not flexible and involves 
much loss of head. The detention period is also restricted as otherwise long channels 
are required. These units are recommended for flow up to 200 mVh. 

Gravity Flocculator: Choose this option for gravity flocculation unit from the 
options stone medium and floe module. 

'fhe Compar itive pcrlbrmancc and relative ratings considering various aspects 
of the “non-mechanical flocculation units” option, as included in the “performance” 
and “compare” advice options, are presented in Tables 9.22 and 9.23 respectively. 


Table 9.22: Comparative Performance of the Baffled and Gravity Flocculation Units 



Description 

Baffled 

Gravity 

1. 

HRT, sec 

10-20 

10-35 

2. 

Velocity gradient, /s 

20-75 

10-100 

3. 

Flow through velocity, m/s 

0.10-0.30 

0.05-0.45 

4. 

Head loss, m of water 

0.15-0.60 

0.10-1.2 

Note: For rating levels and abbreviations please refer to section 4 

-.4. 


Table 9.23: Relative Ratings of the Baffled and Gravity Flocculation Units 



Description 

Baffled 

Gravity 

1. 

Efficiency with variable influent 

quality 

4 

4 

2. 

Effectiveness (in small scale 

B 

B 

3. 

Effectiveness on big works 

D 

E 

4. 

Advantageous use of land 

E 

C 

5. 

Freedom from manufacturers patents 

A 

D 

6. 

Skilled person requirement 

6 

6 
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7. 

Overall cost 

6 

6 

8. 

lixlciU of use 

6 

^ 1 

Note: For rating levels and abbreviations please refer to section 4 

■A. 


Baffled flocculation can be of two types depending upon the orientation of the 
ba flies as follows. 

Vertical Baffled Flocculation: Use this option for selecting vertical baffled unit for 
flocculation. Velocily gradients arc puiposely intensified by enforced changes in the 
direction of flow upwards and downwards alternatively. In this unit a homogeneous 
mixture of the suspended particles is maintained due to alternate rise and fall of water, 
which prevents deposition of sludge. The direction of flow is the only significant 
difference between these two types, their advantages and disadvantages are virtually 
the same. 

Horizontal Baffled Flocculation: Use this option for selecting horizontal unit for 
flocculation. It consists of series of baffles around the ends of which the flowing water 
is reversed in direction, thus causing turbulence and agitation at each point of reversed 
flow. Proper scouring arrangements have to be made in this unit to prevent deposition 
of sludge. 

The Comparative performance and relative ratings considering various aspects 
of the “baffled flocculation units” option, as included in the “performance” and 
“compare” advice options, are presented in Tables 9.24 and 9.25 respectively. 


Table 9.24: Comparative Perfonnance of Vertical and Horizontal Baffled 

Flocculation Units 



Description 

Vertical 

Horizontal 

1. 

HRT, sec 

10-20 

15-20 

2. 

Velocity gradient, /s 

10-100 

10-100 

3. 

Mow through velocity, m/s 

0.1-0.2 

0.1-0.3 

4. 

Head loss, m of water 

0.15-0.6 

0.15-0.60 

Nol 

;e: For rating levels and abbreviations please refer to section 

1.4. 
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'I’aihic ‘>.25: Rclalivc Ratings of the Veilical and llori/.ontu! Bufllcd ^■Iocculation 

Units 



Description 

Vertical 

Horizontal 

1. 

Efficiency with variable infiuent quality 

4 

4 

2. 

Effectiveness on small scale 

B 

B 

3. 

Effectiveness on big works 

D 

D 

4. 

Advantageous use of land 

E 

E 

5. 

iTcedoni from inanufacturers patents 

' A 

A 

6. 

Skilled person requirement 

6 

6 

7. 

Overall cost 

6 

6 


Extent of use 

4 

8 


Note: For rating levels and abbreviations please refer to section 4.4. 


9.5 Softening 

Chemical Softening: Select this option for design of chemical softening units. In this 
option chemical dose is calculated and thereafter rapid mix, flocculation and 
sedimentation units are designed. Select this option if water contains hardness greater 
than 500 nig/1 and/or turbidity, color, and iron salts because these have tendency to 
foul the lon-exchange resins by coating on the granules. Chemical softening cannot 
reduce the hardness of water to less than 40 mg/1 while ion-exchange softening can 
produce water with less hardness. This can be used as pre-treatment unit for waters 
having high hardness to be used for industrial use. 

Ion Exchange Softening: Use this option for design of ion exchange softening unit. 
This process can produce almost zero hardness water. However, the total dissolved 
solids are not reduced. It is generally used as polishing unit after chemical treatment. 

The Comparative performance and relative ratings considering various aspects 
of the “rapid mix units” option, as included in the “perfonnance” and “compare” 
advice options, are presented in Tables 9.26 and 9.27 respectively. 
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Table 9.26: Comparative Performance of Chemical and Ion-exchange Softening 



Dcscriplion 

Chemical 

Ion Exchange 

I. 

Effluent calcium hardness as CaC 03 , ing/1 

40-100 

0-10 

2. 

Emuent magnesium hardness as CaCOj, mg/1 

10-30 

0-5 

3. 

! Operating pH 

4-8 

6.5-8.0 

”47“ 

Inlluent hardne-is as C aC'Oi, mg/1 

100-5000 

Lcs.s than 500 


Note: For rating levels and abbreviations please refer to section 4.4. 


Table 9.27: Relative Ratings of Chemical and Ion-exchange Softening 



Description 

Chemical 

Ion Exchange 

1. 

Efficiency with turbid water 

10 

2 

2. 

Efficiency with low pH water 

2 

8 

3. 

Efficiency with water containing 

iron and manganese 

8 

2 

4. 

Production of zero hardness water 

2 

10 

5. 

Suitability for domestic water 

supply 

B 

c 

6. 

Suitability for industrial water 

supply 

D 

A 

7. 

Removal of total dissolved solids 

8 

0 

8. 

Efficiency in variable influent 

quantity 

4 

8 

9. 

Skilled person requirement 

4 

. - 

8 

10. 

Overall cost 

4 

8 

n. 

Extent of use 

8 

4 


Note: For rating levels and abbreviations please refer to section 4.4. 


9.6 Filtration 

Slow Sand Killer: Use this option for design of slow sand (liter unit. This unit 
consists of a water tight basin containing a layer of sand 75 to 90 cm thick, supported 
on a layer of gravel 20 to 30 cm thick. The gravel is underlain by a system of under 
drain pipes whioli lead the water to ti single point of outlet where a device i.s located to 
eoiilrol the rale of How Ihrouj’li tlie (liter. Alter stxnc interval (he lop layei ot sand is 
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scraped and cither wasiicti and reused or wastcii. IVeatnient in this unit requires 
miniinuni skill in operation. 

High Rate Filter: Use this option for design of high rale filter units. Water should 
receive pre-treatment before passing through this unit. The water flows down the 
filters under gravity. The filtration medium can he single, dual or multi underlain by 
gravel, 'fhe filtration materials arc natural silica sand, crushed anthracite, crushed 
magnetite and garnet .sands. After some time the filter is back washed and entrapped 
material is washed away. This unit requires less space than slow sand filter and is 
suitable for large plants. However, treatment in this unit requires skilled supervision 
for operation. 

Pressure Filter: Choose this option for design of pressure filters from the available 
options of single, dual and multi media. These units are based on the same principle as 
high rate gravity filters. However, water is passed through a cylindrical tank usually 
made of steel or cast iron where the under drain gravel and sand are placed. They are 
compact and can be pre-fabricaled and moved to site. Economy is possible in smaller 
plants. Pre-treatment is essential. The lank axis may either be vertical or horizontal. 

The Comparative perfomiance and relative ratings considering various aspects 
of the “filtration” option, as included in the “performance” and “compare” advice 
options, are presented in Tables 9.28 and 9.29 respectively. 


Table 9.28: Comparative Performance of Slow Sand, High Rale and Pressure Filters 



Description 

Slow Sand 

High Rate 

Pressure 

1. 

Depth of filter media, m 

0.8-1. 0 

0.6-0.75 

1.5-1.7 

2. 

Filtration rate, m/hr 

0.1-0.2 

4.8-6.0 

7.2-18.0 

3. 

Effective size of filter media, mm 

0.2-0.3 

0.45-0.70 

NA 

4. 

Uniformity coefficient of filler media 

3-5 

1.3-1.7 

NA 

5. 

Standing water depth over filter bed, m 

0.5-2.0 

1. 0-3.0 

1. 0-7.0 

6. 

Head loss, m of water 

0.5-1. 5 

1. 0-2.5 

• A A 

1. 0-5.0 


Note: For rating levels and abbreviations please refer to section 4.4. 
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Table 9.29: Relative Ratings ofSlow Sand, High Rate and Pressure Filters 



Description 

Slow Sand 

High Rate 

Pressure | 

! 

1. 

Efficiency in variable effluent quality 

8 

6 

6 

2. 

Effectiveness on small scale 

A 

B 

A 

3. 

Effectiveness on big works 

D 

A 

C 

4. 

Advantageous use of land 

E 

C 

A 

5. 

Freedom from manufacturers patents 

B 

D 

E 

6. 

Skilled person requirement 

2 

6 

8 

'"17 

Overall cost 

4 

6 

8" 

8. 

Extent of use 

6 

6 

2 


Note: For rating levels and abbreviations please refer to section 4.4. 


9.7 Disinfection 

Pre Disinfection: Use this option for design of chlorination, ozonation and ultraviolet 
disinfection units just after pre-settling. The point of application as well as the dosage 
of disinfectant is controlled by the objectives i.e. control of biological growth in raw 
water conduits, promotion of improved coagulation, prevention of mud balls and 
slime fonnation in filters, reduction of tastes, odor and color and minimizing the post 
disinfection dose when dealing with heavily polluted water. 

Post Disinfection: Use this option for design of chlorination, ozonation and 
ultraviolet disinfection units after any unit treatment process and prior to distribution 
to consumer. It is carried out to inactivate or control the microorganisms and 
pathogens in water which can adversely affect its quality or lead to disease from 
microbial activity. 


9.7.1 Pre Disinfeclioa 

Chlorination: Use this option for design of pre-chlorination unit just after pre- 
settling. It controls biological growth in raw water conduits, promotes coagulation, 
prevents mud balls and slime formation in fillers, reduce tastes, odor and color. 
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Ultraviolet Radiation: it is effective in inactivating all type of bacteria and viruses. 
The advantages are ready automation, no chemical handling, short retention time, no 
effect upon chemical characteristics and taste, low maintenance, no ill effect from 
over dosages. The disadvantages are lack of residual protection, relatively high cost, 
and need for low turbidity in the water to insure penetration of rays. The water being 
trealcti is matic to How in a thin Him past a scries of quart/ mercury vapor arc lamps 
emitting ultraviolet light. This process is used primarily in industrial applications and 
private installations. 

Ozonation; It is effective both in disinfection and reduction of tastes and odors. It is 
also effective as a germicide, in destruction of organic matters which might produce 
tastes or odors, and in oxidation of iron and manganese. The disadvantages which 
have restricted its use are its high cost relative to chlorination, the need to generate 
ozone at the point of use, and its spontaneous decay which prevents maintenance of 
residual in the distribution system. 

The Comparative perfomiance and relative ratings considering various aspects 
of the “pre disinfection” option, as included in the “performance” and “compare” 
advice options, are prcscnlcd in Tables 9.30 and 9.31 respectively. 


Table 9.30: Comparative Performance of Chlorination, UV Disinfection and 

Ozonation 



Description 

Chlorination 

Ultraviolet 

Ozonation 

1. 

Contact time, min 

10-30 

- 

1. 0-2.5 

2. 

% kill achieved 

99 

99.99 

99.99 

Not 

:e: For rating levels and abbreviations please refer to section 4.4. 


Table 9.31: Relative Ratings of Chlorination, UV Disinfection and Ozonation 



Description 

Chlorination 

Ultraviolet 

Ozonation 

1. 

Efficiency in variable influent 

quantity 

4 

6 

4 

2. 

Effectiveness in variable pH 

E 

A 

C 

3. 

Residual disinfectant 

8 

2 

2 

4. 

Odor additional problem 

10 

2 

2 

5. 

Effectiveness in turbid water 

C 

E 

E 





6. 

Effectiveness in small scale 

B 

B 

B 

7. 

Effectiveness in big works 

B 

E 

E 

8 . 

Advantageous use of land 

B 

A 

A 

9. 

Freedom from manufacturers 

B 

li 

E 


patents 




10. 

Skilled person requirement 

6 

8 

8 

1 1 . 

Oveiall cost 

4 ■ 

k 

8 

Tl." 

Extent of use 

■ fo 

2 

4 


Note; For rating levels and abbreviations please refer to section 4.4. 


9.7.2 Post Disinfection 

Chlorination; Use this option for design of post-chlorination unit just after filtration. 
It permits residual levels and can protect Iroin possible contamination during transport 
and distribution of water. 

Ultraviolet Radiation; It is effective in inactivating all type of bacteria and vimses. 
The advantages are ready automation, no chemical handling, short retention time, no 
effect upon chemical characteristics ami taste, low maintenance, no ill effect from 
over dosages. The disadvantages are lack of residual protection, relatively high cost, 
and need for low liubidity in the water to insure penetration of rays. The water being 
treated is made to flow in a thin film past a series of quartz mercury vapor arc lamps 
emitting ultraviolet light. This process is used primarily in industrial applications and 
private installations. 

Ozonation: It is effective both in disinfection and reduction of tastes and odors, ft is 
also effective as a germicide, in destruction of organic matters which might produce 
tastes or odors, and in oxidation of iron and manganese. The disadvantages which 
have restricted its use are its high cost relative to chlorination, the need to generate 
ozone at the point of use, and its spontaneous decay which prevents maintenance of 
residual in the distribution system. 
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9.8 Advance rrocesscs 

loa Exchange; Use this option for design of ion exchange unit. In this unit a salt 
solution is percolated through a cation c.xchange resin treated with acids. The effluent 
contains equivalent amounts of corresponding acids. When this acidic effluent is 
passed through an anion exchange resin which has been treated with alkali, so that it 
contains replaceable hydroxyl ions, the anions are exchanged for the hydroxyl ions 
with the result that the efiluent is rendered free from salts. It is possible by this unit to 
remove sails from saline/brackish water by use of percolation columns. The beds can 
be regenerated and used repeatedly without appreciable loss in capacity. 

Desalination: Choose this option for selecting reverse osmosis and/or electro-dialysis 
for removing salts from water. These processes use semi permeable membranes to 
separate the solute from solvent. 'I’hcse membranes may be natural or synthetic. 


9.8.1 Desalination 

Reverse Osmosis: Use this option for design of reverse osmosis unit. It is a 
membrane permeation process lor obtaining salt free water from salinc/brackish 
water. The effluent raw water is passed over the surface of semi permeable membrane 
at a pressure in excess of the effective osmotic pressure of the influent water. The 
permeating liquid is collected as tlic product and concentrated inllucnt sohition is 
generally discarded. The membrane used is highly pemreable to water but highly 
impemreable to the solutes and capable of withstanding the applied pressure without 
fitilure. Because of its simplicity in execution, reverse osmosis has considerable 
potential for water treatment. 

Electrodialysis: Use this option for design of electro dialysis unit. It is also a 
membrane permeation process aided by the electromotive force. A number of 
electrolytic cells are aixanged in series. The cells are composed of three compartments 
separated from each other by suitable membranes. The saline water circulates in series 
through middle compartments of cells and undergoes purification. A direct current of 
110-220 volts is employed. The electrodes are continuously wasted with treated water. 
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However, the membranes get badly damaged due to corrosion and scale formation. 
This process is adopted lor waters containing less than 10000 mg/1 of dissolved solids. 




Advice - III: 
Wastewater 
Treatment System 


The aim of ^vastewatc^ Ircalment is to treat the liquid wastes originating from 
household or industries to such an extent that all nuisance creating impurities are 
removed and the waste can be disposed without creating any health hazard. In some 
cases after purification the wastewater can be recycled to the system again. The broad 
categories in which the entire treatment scheme can be classified are as follows. 

Pretreatment; Pretreatment consists of separation of floating and suspended organic 
and inorganic material by physical processes such as a) screening by which materials 
larger in size than the openings of the screening device is strained out, and b) grit 
removal by which coarse particles of ash and other inert materials which have 
subsidence velocities substantially greater than those of organic putrescible solids are 
removed. 

Primary Treatment: Primaiy treatment is advised when (i) wastewater contains 
significant amount of suspended, organic and some amount of inorganic solids which 
can be settled in 1 to 2 h, (ii) large hourly variation in both quality and quantity of 
wastewater, and (iii) wastewater to be treated is generated in a batch process. 

Primary treatment of wastewater generally consists of unit processes such as 
sedimentation and equalization. 

Secondary Treatment: Secondary treatment is preferred for treatment of wastewater 
having settleable colloidal and/or soluble organic matter which are biologically 
degradable. Usually it is selected after preliminary and primary treatment, if any. 
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Biological processes are used lo convert the finely divided and dissolved organic 
inaltcr in wastcwatei into nocculcnt setticable biological and inorganic solid that can 
be removed in the secondary sedimentation tank or retained in the biological reactor. 

Tertiary Treatment: Tertiaiy treatment is employed for i) recycle of wastewater and 
ii) if wastewater is low in BOD/COD and contains colloidal suspended and dissolved 
solids, which can be precipitated. 

Sludge Treatment: Choose this option to design sludge treatment units. Sludge 
generated during primary and secondary processes contains high amount of water. It 
also contains largely the substances responsible for the offensive character of 
untreated wastewater and are organic in nature. Sludge treatment is employed to ' 
reduce the water and organic content of sludge and render it suitable for final disposal 
or reu'Jf^ Tiie various alternatives available in sludge treatment are sludge thickening, 
sludge digestion, sludge dewatering and sludge disposal. 


10.1 Pretreatment 

Screening: Screen is a device with openings generally of uniform size for removing 
bigger suspended or floating matters in sewage. The screening element may consists 
of parallel bars, rods, gratings or wiremeshes or perforated plates and the opening may 
be of any shape, although geircrally circular or rectangular. Screen may be coarse, 
medium or fine. Screens are used ahead of pumping stations, meters and as a first step 
in all treatment works. 

Grit Chamber: Grit chambers are designed to remove grit consisting of sand, gravel, 
cinders or other heavy solid materials that have subsiding velocities or specific 
gravities substantially greater than those of the organic putrescible solids in 
wastewater. They are most commonly located after the bar racks and before the 
primary clarifier. 

Grit chambers are provided to (i) protect moving mechanical equipment from abrasion 
and accompanying abnormal wear and tear, (ii) reduce formation of heavy deposits in 
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pipelines, channels and conduits, (iii) Reduce the frequency of digester cleaning 
caused by excessive accumulation of grit. 

There are three general types of grit chambers : Horizontal flow, Aerated or 
Vortex type. 

Skimming Tank; Skimming tanks are employed for removing oil and grease from the 
sewage, and placed before the sedimentation tanks, 'i'hey are used wiicre sewage 
contains too much of grease or oils, which include fats, waxes, soaps, fatty acids, etc. 
These oily and greasy materials may be removed in a skimming tank, in which air is 
blown by an aerating device through the bottom. The rising air tends to coagulate and 
congeal the grease, and cause it to rise to the surface, from where it is removed. 

If these greasy and oily materials are not removed from the sewage before it 
enters further treatment units, it may form unsightly and odorous scum on the surface 
of settling tanks, or interfere with the activated sludge process, and inhibit biological 
growth on the trickling filters. 

Equalization Chamber: Flow equalization is used to overcome the operational 
problems caused by flow rate variations, to improve the performance of the 
downstream processes and to reduce the size and cost of downstream treatment 
facilities. It may be provided before or after the primary clarifier, but is preferred after 
the primary clarifier. 

Flow equalization simply is the damping of flow rate variations so that a 
constant or nearly constant flow rate is achieved. Flow equalization results in i) 
enhanced biological treatment due to minimization of shock loading and ii) the 
effluent quality and thickening performance is improved through constant solid 
loading. 


10.1.1 Grit Chamber 

Horizontal Flow Grit Chamber: In this type of grit chamber the flow passes through 
the chamber in a horizontal direction and the straight line velocity of flow is 
controlled by the dimension of the unit, special influent distribution gates and the use 
of special weir sections at the effluent end. 



Aerated Grit Chamber: Ihe aerated grit chamber consists of a spiral flow aeration 
tank wheie the spiial velocity is induced and controlled by the tank dimension and 
quantity of air supplied to the unit. Amount of air controls spiral velocity, which in 
turn affects the removal of grit particles. 

Vortex Type Grit Chamber; The vortex type consists of a cylindrical tank in which 
the flow enters tangentially creating a vortex flow pattern, centrifugal and 
gravitational forces cause the grit to separate. It is a recent development in WW 
treatment and is suitable up to 0.3 m^/s. 

The relative ratings considering various aspects of the “grit chamber”, as 
included in the “comparison” option, are presented in Table 10.1. 


Table 10.1: Relative Ratings of the Horizontal Flow, Aerated and Vortex Flow Grit 

Chamber 



Description 

Horizontal Flow 

Chamber 

Aerated Grit 

Chamber 

Vortex 

Chamber 

H 

Land required 

8 

6 

4 

2. 

Power required 

2 

6 

8 

3. 

Capital cost 

2 

6 

8 

4. 

Operation and 

maintenance cost 

2 

8 

8 

5. 

Reliability 

B 

C 

D 

6. 

Odor problem 

4 

2 

0 


Note: For rating levels and abbreviations, please refer to section 4.4. 


10.1.2 Equalization Chamber 

On-Line Equalization: It causes considerable dampening of BOD/COD/TSS and 
other inliibiting substances. It is preferred when the mass loading variations are large 
in small time intervals and downstream units are susceptible to shock loads. 
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OlT-IJne Eqiinlizalioii: It causes slight dampening of BOD/COD/TSS and other 
inhibiting substances. It is preieired when the mass loading variations are small in 
considerable time and downstream units in treatment chain are relatively more shock 
resistant. 


10.2 Primary Treatment 

Equalization Clianiber; Flow equalization is used to overcome the operational 
problems caused by flow rate variations, to improve the performance of the 
downstream processes and to reduce the size and cost of downstream treatment 
facilities. It may be provided before or after the primary clarifier, but is preferred after 
the primary clarifier. 

Flow equalization simply is the damping of flow rate variations so that a 
constant or nearly constant flow rate is achieved. Flow equalization results in i) 
enhanced biological treatment due to minimization of shock loading and ii) the 
effluent quality and thickening performance is improved through constant solid 
loading. 

Sedimentation: The purpose of sedimentation of sewage is to separate the settleable 
solids so that the settled wastewater, if discharged into water courses, does not form 
sludge banks and when used for land disposal does not lead to the clogging of soil 
pores and excessive organic loading. 

Sedimentation is used in wastewater treatment to remove (i) Inorganic suspended 
solids or grit in grit chamber, (ii) organic and residual inorganic solids, free oil and 
greases and other floating materials in plain sedimentation, (iii) bio-flocculated solids 
or bio-flocs from effluent of secondary biological treatment units such as ASP etc, 
(iii) chemical floes produced during chemical coagulation and flocculation in 
secondary settling tanks. 

Chemical Treatment: It is generally used in industrial wastewater treatment. In case 
of acidic or alkaline waste, alkali or acid treatment (Neutralization) is used to 
acutrali/c the waste. 



Aeration: Select this option for aeration of water for following reasons (i) to add 
oxygen to water for imparting freshness, (ii) to expel Carbon Dioxide, Hydrogen 
Sulfide and volatile substances (mainly organics) causing taste and odor, (iii) To 
precipitate impurities like Iron and Manganese. 

The comparative performance evaluation considering various aspects of the 
“primary treatment” option, as included in the “performance” advice option, is 
presented in Table 9.2. 


Table 10.2: Comparative Performance of Equalization, Sedimentation, Chemical 

Treatment and Aeration 



Description 

Equalization 

Sedimentation 

Chemical 

Aeration 

1. 

TSS removal % 

N/A 

40-70 

NA 

NA 

2. 

BOb removal % 

N/A 

30-40 

NA 


3. 

COD removal % 

N/A 

30-40 

NA 

NA 

H 

Nitrogen removal % 

N/A 

5-15 

NA 

NA 

H 

Phosphorous removal % 

N/A 

5-15 

NA 


H 

Coliform removal % 

N/A 

5-25 

NA 

NA 


Note: For rating levels and abbreviations, please refer to section 4.4. 


10.2.1 Equalization Chamber 

On-Line Equalization: It causes considerable dampening of BOD/COD/TSS and 
other inhibiting substances. It is preferred when the mass loading variations are large 
in small time intervals and downstream units are susceptible to shock lo^. 

Off-Line Equalization: It causes slight dampening of BOD/COD/TSS and other 
inhibiting substances. It is preferred when the mass loading variations are small in 
considerable tim e and downstream units in treatment chain are relatively more shock 
resistant. 




































10.2.2 Sedimentation 


Rectangular Sedimentation Tank: It is difficult to construct and analyze 
structurally. Sludge scrapers require arrangement of adjustable arms to reach comer 
points of tank. Multiple unit construction may lead to economy due to common walls. 
For same area it gives less weir loading than circular shaped settling tanks. 

Circular Sedimentation Tank: It is easy to construct and analyze stmcturally. 
Simple sludge scrapers arc required. It may not be economical in case multiple units 
are required. The circular clarifiers may be of two types i) radial flow and ii) 
circumferential flow. 

For comparative performance and relative ratings, please refer to Tables 9.7 
and 9.8 respectively. 

Circular clarifiers can be of two types depending upon the flow pattern as 
follows. 

(i) Radial Flow: Influent is fed through the center and flow approaches horizontal 
flow. Effluent is collected by effluent launder at circumference. 

(ii) Circumferential Flow: Influent enters through bottom of rim at circumference of 
the tank and effluent is collected at top of rim at circumference of the tank. The flow 
approaches to vertical flow. 

For comparative performance and relative ratings, please refer to Tables 9.9 
and 9.10 respectively. 


10.2.3 Aeration 

Diffused Aeration: Use this option for design of diffused aeration system with nozzle 
diffusers. This unit consists of nozzles and pipes in a basin in which compressed air is 
injected to rise through water being aerated. As the rising bubbles of air have a lower 
average velocity th;m the falling of drops, this unit provides a longer aeration period 
than the cascade type for the same head loss. These have higher initial costs and 
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lequiie greater recun'ing expenditure. They require less space than spray aerators and 
cold weallier working problems arc not encountered. It is less popular in water 
treatment plant in comparison to other options. 


Cascade Aeration; Use this option for design of cascade aerator in which water is 
allowed to flow downwards in a series of falls to produce turbulence. It adds to the 
beauty of plant. Head loss is greater than other options. In cold climates these aerators 
must be housed width adequate provision for ventilation. Corrosion and slime 
problem may be encountered in aerated water. 

Spray Aeration; Use this option for design of spray aeration system in which water is 
sprayed through nozzles upward into the atmosphere in the form of fountain and 
broken up into either mist or droplets. Water is directed at a slight inclination to the 
vertical. The installation consists of trays and fixed nozzles on a pipe grid with 
necessary outlet an-angements. 


The comparative performance and relative ratings considering various aspects 
of the “aeration” option, as included in the “performance” and “comparison” advice 
options, are presented in Tables 10.3 and 10.4 respectively. 


Table 10.3: Comparative Performance of Diffused, Cascade and Spray Aeration 

System 



Description 

Diffused 

Cascade 

Spray 

1. 

Carbon Dioxide removal % 

40-75 

20-45 

70-90 

2. 

Hydrogen Sulfide removal % 

50-80 

20-35 

90-99 

3. 

Volatile organic removal 

NA 

NA 

NA 

4. 

Precipitation of Iron 

NA 

NA 

NA 

5. 

Pressure required at nozzles (m of 

water) 

5 

N/A 

f 7 

6. 

Precipitation of Manganese 

NA 

NA 

NA 

7. 

Aerator area, m'^/KLD 

N/A 

0.50-0.65 

0.00125-0.00375 

8. 

Air required m'‘/KL 

0.6-1.5 

N/A 

N/A 










9. 

1 Head loss (m of water) 

N/A 

0.5-0.30 

8-10 

"kT 

Power required W/KL 

3-10 

N/A 

N/A 


Note: For rating levels and abbreviations please refer to section 4.4. 


Table 10.4: Relative Ratings of the Diffused, Cascade and Spray Aeration System 



Description 

Diffused 

Cascade 

Spray 

1. 

Gas Transfer Efficiency 

6 

4 

8 

2. 

Efficiency in cold climate 

8 

2 

4 

3. 

Freedom from manufacturers patents 

E 

B 

D 

4. 

Skilled person requirement 

4-6 

2 

4-6 

5. 

Initial cost 

8 

4-6 

6-8 

6. 

Maintenance cost 

8 

2-4 

4-6 

7. 

Extent of use 

2 

6 

8 


Note: For rating levels and abbreviations please refer to section 4.4. 


10.3 Secondary Treatment 

Aerobic Process: In aerobic processes, the microbial assimilation of organic matter 
takes place in the presence of oxygen. These processes are high energy consuming 
processes and also produce more sludge per unit mass of organic load assimilated. But 
the sludge produced is less harmful in comparison to that produced from anaerobic 
processes. 

The aerobic processes may be Farther classified into two groups depending upon the 
type of growth of microbes. The suspended growth system is one in which the 
microbes grow in a suspended solution, while attached growth systems are those in 
which the microbes grow on inert media. Activated sludge process and trickling filters 
are the respective examples of suspended growth and attached growth system. 


Anaerobic Process; Anaerobic treatment of wastewater has a number of advantages 
over aerobic treatment processes, namely, the energy input of the system is low, as no 
energy is required for oxygenation, lower production of excess sludge per unit mass 
of organic matter stabilized, lower nutrient requirement due to lower biological 
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synthesis and the degradation of waste organic material leads to the production of bio- 
gas which is a valuable source of energy. 

Ihe comparative performance and relative ratings considering various aspects 
of the “secondary treatment processes” option, as included in the “performance” and 
“comparison” advice options, are presented in Tables 10.5 and 10.6 respectively. 


Table 10,5: Comparative Performance of Aerobic and Anaerobic Processes 



Description 

Aerobic Processes 

Anaerobic Processes 

1. 

TSS removal % 

75-95 

60-80 

2. 

BOb removal % 

70-98 

60-80 

3. 

cob removal % 

70-98 

60-80 

4. 

Nitrogen removal % 

25-98 

10-30 

5. 

Phosphorous removal % 

25-98 

10-30 

6. 

Colifoina removal % 

75-99 

50-85 


Note: For rating levels and abbreviations please refer to section 4.4. 


Table 10.6: Relative Ratings of the Aerobic and Anaerobic Processes 



Description 

Aerobic Processes 

Anaerobic Processes 

H 

Organic load 

6 

10 

2. 

Land required 

4-10 

4-10 

3. 

Power required 

0-10 

2-4 

4. 

Capital cost 

4-10 

6-8 

5. 

Operation and Maintenance cost 

2-10 

4-6 

6. 

Reliability 

2-8 

6-8 

7. 

Resistance to shock loads 

D 

C 

8. 

Sludge treatment 

2-8 

4-6 

9. 

Odor problem 

2 

4 


Note: For rating levels and abbreviations please refer to section 4.4. 
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10.3.1 Aerobic Process 

Activated Sludge Process; Activated sludge process is a suspended growth aerobic 
process. In this process sewage containing waste organic matter is aerated in an 
aeration basin in which, microorganisms metabolize the soluble and suspended 
organic matter. Part of the organic matter is synthesized into new cells and rest is 
oxidized to carbon dioxide and water to derive energy. The new cells formed in the 
reaction are removed from the liquid stream in the form of flocculcnt sludge in the 
settling tank. A part of this activated sludge is recycled to the aeration basin and the 
remaining forms waste or excess sludge. 

Activated sludge process is capable of handling most of the wastewater. It is 
the most mechanized, requires construction vigilance and skilled operation, hence 
costlier. Though highly sensitive, it is the most efficient process in treatment. 
Preferred for medium to large flow. 

Oxidation Ditch: Oxidation ditch is a process modification of activated sludge 
process. It consists of a ring or oval shaped channel and is equipped with mechanical 
aeration devices. Screened wastewater enters the ditch, is aerated, and circulated at 
about 0.25-0.35 m/s. Oxidation ditches typically operate in an extended aeration mode 
with long detention and solid retention times. Secondary sedimentation tanks are used 
for most applications. 

Simple construction and operation and low sludge production are its merit 
over activated sludge process. Preliminary and primary treatment options can be 
omitted. It has higher power cost than activated sludge process but most reliable for 
moderate flows. 

Aerated Lagoon: Aerated lagoons arc similar to activated sludge pioccss in terms ot 
working principle. The major difference between activated sludge systems and aerated 
lagoon is that in the latter settling tanks and sludge recirculation are absent. 

Aerated lagoons arc generally provided in the fonn of simple earthen basin with inlet 
at one end and the outlet at the other to enable the wastewater to flow through while 
aeration is usually provided by mechanical means to stabilize the organic matter. 
Aerobic lagoons are fully aerobic from top to bottom as the aeration power input is 
sufficiently high to keep all the solids in suspension besides meeting the oxygenation 
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demand of the system. No settlement occurs in such lagoons and under equilibrium 
condition the new microbial solids produced in the system equals the solid leaving the 
system. The solid concentration in the effluent is relatively high and some further 
treatment is generally provided after such lagoons. 

Facultative Lagoon: Facultative lagoons are those in which some solids may leave 
with the effluent stream and some settle down in the lagoon. Since aeration power 
input is just enough for oxygenation and not for keeping all solids in suspension, the 
lower part of such lagoons may be anoxic or anaerobic, while the upper part is 
aerobic. 

Trickling Filter: Trickling filters are used for complete treatment of moderately 
strong wastes and as roughing filters for very strong wastes piior to activated sludge 
units. They handle shock loads and provide dependable performance with a minimum ' 
of supervision. 

The trickling filter consists of a permeable bed of medium through which the 
sewage is allowed to percolate. The materials used are filter medium include crushed 
or broken rock, gravel blast furnace slag or inert synthetic materials such as plastics 
and ceramics. Randomly packed solid media like rock, gravel and slag are 
characterized by lower porosity (40-60%), lower specific surface areas (40-70 m^/m^) 
and are much deeper (upto 12 m). Compared to conventional filters. Filters using 
plastic media are operated at much higher hydraulic and Organic Loading Rates. 

The trickling filters are generally circular. They are generally preceded by 
primary settlement, so that the solids in the sewage may not clog the filter. 

Single stage units consists of a primary settling tank, the filter, secondary settling 
tank, and facilities for recirculation of the effluent. 

Two stage filter consists of two filters in series with a primary settling tank an 
intermediate settling which may be omitted in certain cases and a final settling tank. 
The effluent from the first stage filter is applied on the second stage filter either after 
settlement or without settlement. 

Oxidation Pond; Oxidation ponds are open, flow through earthen basins specifically 
designed and constructed to treat sewage and biodegradable industrial wastes. They 
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provide comparatively large detention periods extending from a few to several days. 
During this period putrescible organic matter in the waste is stabilized in the pond 
through a symbiotic relationship between bacteria and algae. 

Under many situations in warm climate countries pond system are cheaper to 
construct and operate compared to conventional methods. They did not require skilled 
operational staff and their performance do not fluctuate from day to day. But it 
requires relatively targe land. 

Aerobic ponds are designed to maintain completely aerobic conditions. They 
are used for soluble wastes, which allow penetration of light throughout the liquid 
depth. The ponds arc kept shallow with depth less than 0.5 m, and may be periodically 
mixed. Such ponds develop intense algae growth and have been used on experimental 
basis only. The supernatant quality is poor in comparison to facultative pond’s 
effluent. 

Aerobic ponds are suitable for nutrient removal and treatment of soluble 
biodegradable organic matters. It is also sometimes as the polishing unit for effluent 
from activated sludgc/trickling filter/UASB. Lower organic loading is possible and it 
requires very large land. 

Facultative Pond; The facultative pond functions aerobically at the surface while 
anaerobic conditions prevail at the bottom. The aerobic layer acts as a good check 
against odor evolution from the pond. The treatment effected by this type of pond is 
comparable to that of conventional secondaiy treatment processes. 

Facultative ponds require lesser area than aerobic pond except strength to be 
treated - which can be little higher than that for ponds - and where power and ■ 
operation costs arc low, 

'fhe comparative performance and relative ratings considering various aspects 
of the “aerobic process” option, as included in the “performance” and “comparison” 
advice options, arc presented in Tables 10.7 and 10.8 respectively. 
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Table 10.7: Comparative Performance of Various Aerobic Biological Processes 



Description 

ASP 

TF 

AP 

FP 

AL 

FL 

OD 

1. 

TSS removal 

85-95 

75-95 

80-90 

85-95 

60-80 

65-90 


2. i 

BOD 

removal 

"85-95 

70-95 

90-95 

95-97 

80-90 

85-95 


3. 

COD 

removal 

85-95 

70-95 

90-95 

95-97 

80-90 

1 

85-95 


4. 

N removal 

25-75 

25-70 

95-96 

60-80 

27-70 

20-60 


5. 

P- removal 

25-75 

25-70 

77-87 

50-80 

25-70 

20-60 


6. 

Coliforms 

90-96 

60-90 

90-95 

95-98 

90-95 

90-95 



Note: For rating levels and abbreviations, please refer to section 4.4. 


Table 10.8: Relative Ratings of Various Aerobic Biological Processes 




ASP 

TF 

AP 

FP 

AL 

FL 

OD 

II 


8 

6 

4 

4 

6 

6 

CO 

2. 

Land required 

6 

6 

10 

8 

7 

7 

8 

3. 

Power required 

10 

6 

2 

2 

8 

6 

10 

4. 

Operation & 

7 

4 

2 

2 

4 

4 

8 


Maintenance Cost 








5. 

Capital cost 

8 

8 

4 

4 

6 

6 

8 

6. 

Resistance to 

A 

C 

D 

D 

C 

D 

A 


shock loads 


.... 







Sludge treaimem ' 

-J 

1 

: 1 


9 

6 

i 

4 

1 

1 


Note: For rating levels and abbreviations, please refer to section 4.4. 

ASP - Activated Sludge Process; TF - Trickling Filter; AP - Aerobic Pond; FP - 
Facultative Pond; AL - Aerated Lagoon; FL - Facultative Lagoon; OD - Oxidation 
Ditch; 


10.3.2 Anaerobic Process 

Upflow Anaerobic Sludge Blanket (UASB): In the UASB process, the waste to be 
treated is introduced in the bottom of the reactor. The wastewater flow upward 
through a sludge blanket composed of biologically formed granules or particles. 
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Treatment occurs at the wastewater comes in contact with the granule or particles. 
The gases produced under anaerobic condition cause internal circulation, which helps 
in the formation and maintenance of the biological granules. The particles that rise to 
the top surface with gas, strike the bottom of the degassing baffles, which cause the 
attached gas bubbles to be released, while the degassed granules drop back to the 
surface of the sludge blanket. 

Expanded Bed Reactors: The expanded or fluidized bed reactor incorporates an 
upflow reactor partly filled with sand or a low density carrier such as coal or plastic 
beads, which provides a very large surface area for growth of bio-fihn. Expanded bed 
reactors do not aim at complete fluidization and use a lower upflow velocity resulting 
in lesser energy requirement. Higher biomass concentration (15,000-40,000 mg/1) has 
been reported. Because of this higher biomass, the expanded bed process can be used 
for the treatment of municipal wastewater at a very short hydraulic retention time. 

Fixed Film Reactors: In anaerobic fixed film reactor, the microbial mass is 
immobilized on fixed surfaces in the reactor. It is operated in downflow mode to 
prevent accumulation of refiractory particulates contamed in the influent and sloughed 
bio-film. The reactor packing is usually of modular construction consisting of plastic 
sheets providing a high void ratio. Such reactors have been constmcted to treat high 
strength wastewater. 

The comparative performance and relative ratings considering various aspects 
of the “anaerobic process” option, as included in the “performance” and “comparison” 
advice options, are presented in Tables 10.9 and 10.10 respectively. 


Table 10.9: Comparative Performance of the UASB, Expanded Bed Reactor and 

Fixed Film Reactor 



Description 

UASB 

Expanded Bed 

Reactor 

Fixed Film 

Reactor 

1. 

TSS removal 

60-80 ^ 

NA 1 

NA 

2. 

BOD removal 

60-80 

NA 

NA 



a 

COD removal 

60-80 

NA 

NA 

m 

Nitrogen removal 

10-30 

NA 

NA 

5. 

Phosphorous removal 

10-30 

NA 

NA 

6. 

Coliforms removal 

50-85 

NA 

NA 


Note: For rating levels and abbreviations, please refer to section 4.4. 


Table 10.10: Relative Ratings of the UASB, Expanded Bed Reactor and Fixed Film 

Reactor 



Description 

UASB 

Expanded 

Bed Reactor 


1. 

Organic loading 

8 

10 


2. 

Land required 

6 

4 


3. 

Power required 

4 

8 


H 

Capital cost 

4 

6 

6 

5. 

Operation and maintenance cost 

4 

8 

4 

6. 

Reliability 

6 

4 

IHH 

7. 

Resistance to shock load 

C 

C 

c 

8. 

Sludge treatment required 

4 

4 


9. 

Odor problem 

4 

4 

IHli 


Note: For rating levels and abbreviations, please refer to section 4.4. 


10.4 Tertiary Treatment 

Disinfection: Choose this option for design of disinfection units. Select this option for 
ensuring that pathogens and other microorganisms are inactivated. Bacteria, Viruses 
and Amoebic Cysts Constitute the three main types of human enteric pathogens and 
effective disinfection is aimed at destruction or inactivation of these and other 
pathogens such as helminths responsible for water borne diseases. The need for 
disinfection in ensuring protection against transmission of water borne diseases 
cannot be over emphasized and its inclusion as one of the water treatment process is 
considered necessary. 
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Clari flocculation: Use this option for combined coagulation, flocculation and 
settling. 

Filtiation. Choose this option for design of filtration units from the options slow 
sand, high rate and pressure. Use this option for separating out suspended and 
colloidal impurities from water by a passage through a porous bed. It is employed for 
treatment of water to effectively remove turbidity, color, microorganisms, precipitated 
hardness from chemically softened waters and precipitated Iron and Manganese from 
aerated waters. Select this option after flocculation and settling or softening and 
settling. Choose disinfection after this option. 

Advance Processes: Use this option for production of ultra pure water and treatment 
of saline water. This option should be chosen after each of above options 


10.4.1 Disinfection 

Chlorination: Use this option for design of pre-chlorination unit just after pre- 
settling. It controls biological growth in raw water conduits, promotes coagulation, 
prevents mud balls and slime formation in filters, reduce tastes, odor and color. 

Ultraviolet Radiation: It is effective in inactivating all type of bacteria and viruses. 
Tlie advantages are ready automation, no chemical handling, short retention time, no 
effect upon chemical characteristics and taste, low maintenance, no ill effect from 
over dosages. The disadvantages arc lack of residual protection, relatively high cost, 
and need foe low turbidity in the water to insure penetration of rays. The water being 
treated is made to flow in a thin film past a series of quartz mercury vapor arc lamps 
emitting ultraviolet light. This process is used primarily in industrial applications and 
private installations. 

Ozonation: It is effective both in disinfection and reduction of tastes and odors. It is 
also effective as a gcmiicide, in destruction of organic matters which might produce - 
tastes or odors, and in oxidation of iron and manganese. The disadvantages which 
restricted its use are its high cost relative to chlorination, the need to generate ozone at 
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the point of use, and its spontaneous decay which prevents maintenance of residual in 
the distribution system. 

1 he comparative perfonnance and relative ratings considering various aspects 
of the “tertiary treatment” option, as included in the “performance” and “comparison” 
advice options, arc presented in Tables 10.1 1 and 10.12 respectively. 


Table 1 0.1 1 : Comparative Performance of Chlorination, Ultraviolet and Ozonation 



Description 

Chlorination 

Ultraviolet 

Ozonation 

1. 

Contact lime, min 

10-30 

- 

1. 0-2.5 

2. 

% kill achieved 

99 

99.99 

99.99 


Note: For rating levels and abbreviations, please refer to section 4.4. 


Table 10.12: Relative Ratings of Chlorination, Ultraviolet and Ozonation 



Description 

Chlorination 

Ultraviolet 

Ozonation 

1. 

Efficiency in variable influent quantity 

4 

6 

4 


Effectiveness in variable pH 

E 

A 

C 


Residual disinfectant 

8 

2 

2 

4. 

Odor additional problem 

10 

2 

2 

5. 

Effectiveness in turbid water 

C 

E 

E 

6. 

Effectiveness in small scale 

B 

B 

B 

7. 

Effectiveness in big works 

B 

E 

E 

8. 

Advantageous use of land 

B 

A 

A 

9. 

Freedom from manufacturers patents 

B 

E 

E 

10. 

Skilled person requirement 

6 

8 

8 

11. 

Overall cost 

4 

8 

8 

12. 

Extent of use 

10 

2 

4 


Note: For rating levels and abbreviations, please refer to section 4.4. 
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10.4.2 Filtration 

Slow Sand Filter: Use this option for design of slow sand filter unit. This unit 
consists of a water tight basin containing a layer of sand 75 to 90 cm thick, supported 
on a layer of gravel 20 to 30 cm thick. The gravel is underlaid by a system of under 
drain pipes which lead the water to a single point of outlet where a device is located to 
control the rate of flow through the filter. After some interval the top layer of sand is 
scraped and either washed and reused or wasted. Treatment in this unit requires 
minimum skill in operation. 


High Rate Filter; Use this option for design of high rate filter units. Water should 
receive pre-treatment before passing through this unit. The water flows down the 
filters under gravity. The filtration medium can be single, dual or multi underlaid by 
gravel. The filtration materials are natural silica sand, crushed anthracite, crushed 
magnetite and garnet sands. After some time the filter is back washed and entrapped 
material is washed away. This unit requires less space than slow sand filter and is 
suitable for large plants. However, treatment in this unit requires skilled supervision 
for operation. 

Pressure Filter: Choose this option for design of pressure filters from the options 
available of single, dual and multi media. These units are based on the same principle 
as liigh rate gravity fillers. However, water is passed through a cylindrical tank 
usually made of steel or cast iron where the under drain gravel and sand are placed. 
They are compact and can be pre-fabricated and moved to site. Economy is possible 
in smaller plants. Pre-treatment is essential. The tank axis may either be vertical or 
horizontal. 

The comparative performance and relative ratings considering various aspects 
of the “filtration” option, as included in the “perforarance” and “comparison” advice 
options, are presented in Tables 10.13 and 10.14 respectively. 
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Table 10.13: Comparative Performance of Slow Sand, High Rate and Pressure Filters 



Description 

Slow Sand 

High Rate 

Pressure I 

1. 

Depth of filter media, m 

0.8-1. 0 

0.6-0.75 

1.5-1. 7 

2. 

Filtration rate, m/hr 

0.1 -0.2 

4.8-6.0 

7.2-18.0 

3. 

Effective size of filter media, mm 

0.2-0.3 

0.45-0.70 

NA 

4. 

Uniformity coefficient of filter media 

3-5 

1.3-1. 7 

NA 

5. 

Standing water depth over filter bed, m 

0.5-2.0 

1.0-3.0 

i. 0-7.0 

6. 

Head loss, m of water 

0.5-1.5 

1. 0-2.5 

1. 0-5.0 


Note: For rating levels and abbreviations, please refer to section 4.4. 


Table 10.14: Relative Ratings of Slow Sand, High Rate and Pressure Filters 



Description 

Slow Sand 

High Rate 

Pressure 

1. 

Efficiency in variable effluent quality 

8 

6 

6 

2. 

Effectiveness on small scale 

A 

B 

A 

m 

Effectiveness on big works 

D 

A 

C 

4. 

Advantageous use of land 

E 

- 

C 

A 

5. 

Freedom from manufacturers patents 

B 

D 

E 

6. 

Skilled person requirement 

2 

6 

8 

7. 

Overall cost 

4 

6 

8 

8. 

Extent of use 

6 

6 

2 


Note: For rating levels and abbreviations, please refer to section 4.4. 


The filtration process may be divided in two categories depending upon the 
filtration rate and mechanism as follows. 


(i) High Rate Filtration 

Single Media: Use this option for design of single media high rate filter unit. The 
water flows down the filter under gravity. The filtration medium used is sand. 












Dual Media; The filiration medium consists of two different materials. The filtration 
materials available aie natural silica sand, crushed anthracite, crushed magnetite and 
garnet sand. Generally sand is used over sand bed. 


Multi Media: The filtration medium consists of more than two different materials. 
The lillration materials available arc natural silica sand, crushed anthracite, crushed 
magnetite and garnet sand. Generally garnet sand is added below coal sand bed to 
construct multimedia liltration. Use of multimedia assures superior performance only 
if the materials used are properly sized. 

(ii) Pressure P''iltration 

Single Media; Choose this option for design of single media pressure filter. 

Dual Media; Choose this option for design of dual media pressure filter. 

Multi Media; Choose this option for design of multimedia pressure filter. 


10.4,3 Advance Processes 

Adsorption: It is the process of collecting soluble substances that are in solution on a 
suitable interface. The interface can be between the liquid and a gas, a solid, or 
another liquid. In wastewater treatment adsorption on activated carbon is used as a 
polishing process for wastewater that has already received normal biological 
treatment. It removes the dissolved organics in wastewater that is left untreated in the 
earlier processes. 

Ion Exchange: Use this option for design of ion exchange unit. In this unit a salt 
solution is percolated tlu-ough a cation exchange rosin treated with acids. The effluent 
contains equivalent amounts of corresponding acids. When this acidic effluent is 
passed through an anion exchange resin which has been treated with alkali so that it 
contains replaceable hydroxyl ions. The anions are exchanged for the hydroxyl ions 
with the result that the effluent contains equivalent amounts of corresponding acids. 



When this ticidic effluent is passed tlirough an anion exchange resin which has been 
treated with alkali so that it contains replaceable hydroxyl ions, the anions are 
exchanged for the hydroxyl ions with the result that the effluent is rendered free from 
salts. It is possible by this unit to remove salts fi'om saline/brackish water by use of 
percolation columns. The beds can be regenerated and used repeatedly without 
appreciable loss in capacity. 


Desannalion; Choose (his option for selecting reverse osmosis or/and electro-dialysis 
for removing salts from water. These processes use semi permeable membranes to 
separate the solute from solvent. These membranes may be natural or synthetic. 


10.5 Sludge TretUmeiit 

Sludge Thickening: Sludge thickening or dewatering is adopted for reducing the 
volume of sludge or increasing the solid concentration to (i) permit increased solid 
loading to sludge digesters, (ii) increase feed solids concentration to vacuum filters 
(iii) cconomi/.c on Iransporl cos( (iv) minimize the land requirement as well as 
handling cost when digested sludge has to be transported to the treatment site, and (v) 
save the auxiliary fuel that may otherwise be needed when incineration of sludge is 
practiced. 

Sludge Digestion: I'he principle purposes of sludge digestion are to reduce its 
putrescibility or offensive odour, pathogenic contents and to improve its dewatering . 
characteristics. This can be achieved through any of the following biological 
processes - aerobic digestion and anaerobic digestion. 

Sludge Dewatering; The digested primary or mixed sludge can be compacted to a 
water content of about 90 % in the digester itself by gravity, but mechanical 
dewatering with or without coagulant aids or prolonged diying on open sludge drying 
bed may be required to reduce the water content further. The dewatering of digested 
sludge is usually accomplished on sludge drying beds, which can reduce the moisture 
content to below 70 %. 



10,5.1 Sludge Thickening 

Gravky Thickener: ]L is the most common practice for concentration of sludge. This 
is adopted for primary sludge or combined primary and activated sludge, but is not 
successful in dealing with activated sludge independently. They are either coniinuous 
How or fill and draw type with or without addition of chemicals. Use of slowly 
revolving stirrers improves the efficiency. 

Dissolved Air Flotation: Dissolved air flotation process is primarily used to thicken 
the solids in chemical and waste activated sludge. Separation of solids is achieved by 
introducing fine air bubbles into the liquid. In this system the air is dissolved in the 
incoming sludge under a pressure of several atmosphere. The pressurized flow is 
discharged into a flotation tank that operates at one atmosphere. Fine air bubbles rise 
that cause the flotation of solids. The principle advantages of flotation over gravity 
thickening is the ability to remove more readily and completely those particles that 
settle slow under gravity. The amount of thickening achieved is 2-8 times the 
incoming solids. 

Centrifugation; Centrifugation is a process by which solids are thickened or 
dewatered from the sludge under the influence of centrifugal field many times the 
force of gravity. Centrihigal thickening of sludge requires high power and high 
maintenance cost. Use should be limited to plants, where space is limited, skilled 
operation is available and sludge is difficult to thicken by other means. 

The relative ratings considering various aspects of the “sludge thickening” 
option, as included in the “performance” and “comparison” advice options, are 
presented in Tables 10.15. 



Table 10.15: Relative Ratings of Gravity Thickening, Dissolved Air Flotation and 

Centrifugation 



Description 

Gravity 

Thickening 

Dissolved Air 

Flotation 

Centrifugation 

1. 

Land required 

6 

6 

4 

2. 

Power required 

4 

8 

6 

3. 

Capital cost 

6 

6 

8 

4. 

0 & M cost 

2 

8 

6 

5. 

Reliability 

8 

4 

6 

6. 

Odor problem 

2 

2 

2 


Note: For rating levels and abbreviations, please refer to section 4.4. 


10.5.2 Sludge Digestion 

Aerobic Digestion: It can be used for secondary tank humus or for a mixture of 
primary and secondary sludge but not for primary sludge alone. The major advantages 
of aerobic digester over the anaerobic digestion arc (i) lower BOD concentration in 
digester supernatant, (ii) production of odourless and easily dcwalcrablc biologically 
stable digested sludge, (iii) recovery of more basic fertilizer value in the digested 
sludge, (iv) lower capital cost, and (v) fewer operational problem. 

Anaerobic Digestion: Anaerobic digestion is the biological degradation of organic 
matter in the absence of free oxygen. During this process, much of the organic matter 
is converted to methane, carbon dioxide and water and therefore the anaerobic 
digestion is a net energy producer. Since little carbon and energy remains available, to 
sustain further biological activity, the remaining solids in the sludge are rendered 
stable. 


The relative ratings considering various aspects ol the “sludge digestion 
option, as included in the “comparison” advice option, are presented in Tables 10.16. 




'I'able 10 . 16 : Rolalivc Ratings ofthc Aerobic Digestion and Anaerobic Digestion 


j. 

Description 

Organic load 

Aerobic Digestion 

6 

Anaerobic Digestion 

S 

2. 

Land required 

8 

6 

3. 

Power required 

8 

4 

4. 

Capital cost 

8 

6 

5. 

Operation & Maintenance cost 

8 

4 

6. 

Reliability 

C 

B 

7. 

Resistance to shock loads 

8 

8 


Note: For rating levels and abbreviations, please refer to section 4.4. 


10.5.3 Sludge Dewatering 

Sludge Drying Beds: This method can be used in all places where adequate land is 
available and dried sludge can be used for soil conditioning. Where digested sludge is 
deposited on well drained bed of sand and gravel, the dissolved gases tend to buoy up 
and float the solids leaving a clear liquid at the bottom whicli drains through the sand 
rapidly. The major portion of the liquid drains off in a few hours after which drying 
commences by evaporation. 

Filter Press: It is one of the most popular method of sludge dewatering. It consists of 
round or rectangular recessed plate which when pressed together form hollow 
chambers. On of the face of each individual plate is mounted a filter cloth. The sludge 
is pumped under high pressure into the chamber. The water passes through the cloth 
while the solids are retained and form a cake on the surface of the cloth. The solid 
contact of the sludge cake ranges from 20-40 %. 

The relative ratings considering various aspects of the “sludge dewatering” 
option, as included in the “comparison” advice option, is presented in Tables 10.17. 




Table 10.17: Relative Ratings oftlie Sludge Diying Beds and I'ilter Press 



Description 

Sludge Drying Ik'ds 

Filler Press 

1. 

Land required 

8 

4 

2. 

Power required 

2 

6 

3. 

Capital cost 

4 

6 

4. 

Operation & Maintenance cost 

2 

4 

5. 

Odor problem 

4 

4 


Note: For rating levels and abbreviations, please refer to section 4.4. 




Epilogue 



The present work was an attempt to develop a comprehensive software to 
serve as a tool in environmental engineering profession dealing with water supply and 
various pollution control measures. The software is aimed at assisting the practicing 
engineers as well as those associated with environmental engineering education and 
training. This work was essentially a task to compile, comprehend and supplement the 
information available through the various theses/project reports on software 
development at IIT Kanpur over the past decade on water treatment, wastewater 
treatment, local exhaust ventilation system, control of particulate and gaseous 
emissions. 

The software developed includes four modules which incorporate apects 
related to air pollution control, water supply, liquid and solid waste management. The 
modules on air pollution control, water supply and wastewater management have been 
developed to a greater extent and includes several options which are fiilly 
implemented. The program code of this package is written in Turbo C and the 
graphics related to orthographic projections have been first developed in Auto CAD 
(ver 12.0) and then imported appropriately. The software structure is formulated in 
such a way that it allows flexibility in selection of options and also permits addition of 
modules and options in future. It runs through a master control program in MS DOS 
environment. The results have been validated through independent computations on 
several problems for most of the options which are completely implemented in this 
package. 

However, any software package requires rigorous testing through various sets 
of input data to validate the operations performed. With this view in mind and to 



fillfill the overall objectives following suggestions are made for logical continuation 

of the work presented in this thesis. 

• The present work should be tested for different input data to assess the reliability 
and find' out the bugs, if any, so that it can be removed. 

• In present work cost estimate has not been included in the objectives. However, in 
future cost estimation may be attempted for all selected options. 

• This software is executable in DOS environment. However, most of the 
commercial software available work in Windows environment, which provides 
better interface, user interaction, graphical presentation and look. Efforts may be 
done to link/transfer this package to Windows environment. 

• The modules and options, such as solid waste management, water distribution 
system, sewerage system, waste disposal systems, atmospheric dispersion of 
pollutants, on which substantial information is already available, should be 
incorporated. 
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